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A new form of cooperation between those involved in aviation design opens in
2016 — Asian Workshop on Aircraft Design Education (AWADE). This form of
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Olympiads, executing a joint project, the preparation of educational and
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the process of training students in the field of aircraft design. The workshop takes
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PROLUSION

AWADE AS A COMPONENT
OF AIRCRAFT DESIGN EDUCATION

1 INTRODUCTION

The aerospace industry plays a large economic and strategic role in every highly developed
country. The modern state of the world shows that the biggest rates of growth in this industry
are Asian countries, namely China and India. Russia’s aviation industry has begun its revival.
Others countries also aspire to increase this important aspect of their economy. Consolidation
of efforts by countries working together should help to speed up this process in its various
directions.

To ensure that this sector can give effective results, we need to have at least three successful
components: education, science and production. All of these components are interconnected,
but education must always be the primary constituent as it provides the participants for all three
components, including itself.

The popular phrase “Personnel decide everything” is an absolute truth. If we want to
progress in the aerospace industry, it is necessary to begin the initial steps of that progress from
the point of view of education. All of us know that this type of education is very specific, it
requires maximum investment and it, in turn, should be supported, at a high level, from the side
of science, and also from production. An important role in the training of aviation professionals
is the discipline of aircraft design.

So, how do we make this discipline more effective for studying? How do we provide a
better understanding it of to our students? How do we direct its ability in order to implement
the students' fresh ideas and dreams? These questions have always existed and always remain
relevant.

In November 2015, the participants of a seminar by the Institute of Aircraft Design
Technology of Nanjing University of Aeronautics and Astronautics, decided to organize a
regular Workshop on Aircraft Design Education on the Asian continent. Its function was to be
similar to that of the European Workshop on Aircraft Design Education (EWADE), and it was
to be called the Asian Workshop on Aircraft Design Education (AWADE). This workshop
should be held with contributions from experts in the field of Aircraft Design from all countries
and EWADE as well.

AWADE is a joint event of aerospace industries, universities, academia, organizations and
associations. It provides a unique opportunity to communicate, share, and debate innovative
concepts and technical solutions in the domain of aircraft design. AWADE seminars have to
promote the establishment of knowledge and technical networks with the aim of increasing
Asian competitiveness in the field of aerospace. An important part of AWADE must be its
methodological component.
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Modern life is very informative and at first sight it is very attractive, but it creates additional
difficulties for the educational process. Often students and young teachers don’t ponder
questions for very long before referring to the Internet for answers. This makes us all hostages
to this information system. Often a graduate with a degree in aeronautics can not only not draw
a beautiful airplane, but he or she cannot draw as much as an elementary aircraft, entrusting the
design task instead to a computer. How do we ensure the rational combination of information
capabilities as well as the development of independent creativity? Methods of teaching design
should focus precisely on a reasonable combination of your own thought processes coupled
with the information capabilities available to us today.

The works presented at the workshop should be linked to the following topic areas:

* Content of the subjects, their volume and distribution by
semester for various forms of training
* The solution of topical issues in the field of aerospace
engineering with the participation of undergraduate and
graduate students
* The content and role of practice
* Education collaborative engineering in aircraft design:
integrated physical teams and virtual manufacturing.
* Future education and training needs (life-long) for
aerospace-engineers and researchers in Asia
* Effective interaction of education, science and
production
* The content of projects and participation of students in
real design
* Virtual testing in aerospace education: future role of large scale testing.
Examples of students' participation in solving scientific problems and practical developments
* Career Guidance of school kids for aerospace engineering

2 EWADE

The Asian aerospace industry and, accordingly, aerospace education, are young, and it is
necessary to use accumulated experience to introduce new progress. To find that accumulated
experience, we need look to Europe. Great importance is attached to the correct organization of
the educational processes in the field of Aeronautics and Astronautics on the old continent. In
particular, this applies to such complex and demanding areas as aircraft design. The rich
experience of the European seminar, EWADE, can help us with this process.

By 1990, the big questions in terms of education problems facing this field of study had
accumulated into quite a large folder. To decide these and other questions in Europe, the first
European Workshop on Aircraft Design Education (EWADE) was organized. This European
Workshop was formed as a forum for academic staff working in aircraft design education in
European universities.
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The first European Workshop was held in Madrid in 1994. There were approximately 25
participants from 10 countries. Other workshops followed, often with an increasing number of
participants. All of the workshops were arranged with financial support and contributions from
the industry. Since 1994, EWADE has become known as an affectionate community of people
with similar interests. Today, everyone is welcome to participate and to contribute with a
presentation or poster.

For the first time, EWADE was announced as an activity under Council of European
Aerospace Societies (CEAS) and was listed on the CEAS Calendar under the guidance of the
Technical Committee (TC) Vehicle Design. CEAS is an organization bringing European
national aerospace societies together for increased international strength.

Today, CEAS comprises 16 member organizations and brings together roughly 35,000
professionals in aerospace. Since 2007, CEAS has hosted biennial aerospace conferences in
Europe. We can see in this list of member organizations, the oldest and most authoritative
research organizations in the field of aerospace: for example, from the UK (RAES — 1866),
Germany (DGLR — 1912), RU (ThAGI — 1918), AIDAA (IT-1920) and others.

CEAS states that its objective is to... “to promote international cooperation through
Memoranda of Understanding” with “The International Council for the Aeronautical Sciences”
(ICAS), “The American Institute for Aeronautics and Astronautics” (AIAA) and others. The
Chinese Society of Aeronautics (CSA) also cooperates with CEAS.

After the Madrid Workshop in 1994, it was agreed that workshops would be organized every
two years, hosted by those participants who can find sufficient financial support from their
universities and from their local or national industry.
Objectives are formulated as follows:
— To allow European lecturers concerned with Aircraft Design to continue their active
collaboration.
— To discuss Aircraft Design problems as regards research and education.
— To enhance close cooperation with the aerospace industry for the two aspects
mentioned above.
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Figure 1: Map of Participants of EWADE

The brief history of EWADE:
. Ist Workshop: 1994 Madrid(Spain)
. 2nd Workshop: 1996 Berlin(Germany)
. 3th Workshop: 1998 Bristol(England)
. 4th Workshop: 2000 Turin(Italy)
. 5th Workshop: 2002 Linkping(Sweden)
. 6th Workshop: 2004 Brno(CzechRepublic)
. 7th Workshop: 2005 Toulouse(France)
. 8th Workshop: 2007 Samara(Russia)
. 9th Workshop: 2009 Sevilla(Spain)
. 10th Workshop: 2011 Naples (Italy)
. 11th Workshop: 2013 Link&ping (Sweden)
. 12th Workshop: 2015 Delft (Netherlands)

The next EWADE 2017 will be organized together with READ (Research and Education in
Aircraft Design) and SCAD (Symposium on Collaboration in Aircraft Design) under CEAS
2017 in Bucharest. The conference will start on 17th September 2017.

3 NUAA: NANJING UNIVERSITY OF AERONAUTICS AND ASTRONAUTICS

Nanjing University of Aeronautics and Astronautics (NUAA) is a public university located
in Nanjing, Jiangsu province, China. It was established in October 1952. In Chinese, the
university name is sometimes shortened to Nanhang (F4iii). The university is operated by
Ministry of Industry and Information Technology and is one of China's leading universities in
research and education. As per QS World University Rankings, it is one of the top 300
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universities of the world in Mechanical Engineering and one of the top 200 universities of Asia.
It is regarded as one of the top engineering universities in China and also has a great influence
on China's aerospace industry

The school was founded in October 1952, as the Nanjing College of Aviation Industry.
In 1956 it was renamed as Nanjing Aeronautical Institute, and, in 1993 as the current name,
Nanjing University of Aeronautics and Astronautics. Since 1952, NUAA has evoloved from
a teaching-oriented university to a research-oriented university and currently administered by
the Commission of National Defense Science, Technology and Industry.

NUAA mainly offers courses in science and engineering and strives for the coordinated
development in applied science, management, humanities and social sciences with the
combined features of aeronautics, civil aviation and astronautics. It is among the nation's first
institutions of higher learning authorized to grant degrees of Doctor, Master and Bachelor. In
1996 it succeeded in becoming one of the national top 100 key universities for the 21st century
(China's Project 211). It is subordinated to the Ministry of Industry and Information Technology
of the People's Republic of China.

NUAA has attached great importance to scientific research and shown great advantages in
the research of basic sciences, the application of high-tech and the development of national
defense technology. During the 9th Five-Year-Project, NUAA took on 600 science and
technology development projects including the "863 Program" and some national defense
projects. Many have been successfully applied. Since 1978, NUAA has received 917 provincial
awards and 49 national awards for scientific research. It has remained one of the top 10
universities in China since 1991 in terms of the total number of achievements and awards in
science and technology research and development. At the same time, NUAA has always paid
great attention to the quality of education and the development of its students. Since 1989,
NUAA has won a total of 63 Teaching awards at provincial levels, 18 of which are of national
distinction. Students from NUAA have perfomed well in the National competition of
Mechanics and Mathematical Modeling for undergraduates. So far NUAA has produced more
than 55,000 talents in different specialties. As one of the most famous universities in Nanjing
city, it has attracted more and more international students for its excellent study environment
and conditions in recent years, and it also takes great advantages in some key courses, including
Flight Vehicle Design and Engineering, Computer Software Design and Internal Economics &
Trade and so on. Among all the specialties in the College, Flight Vehicle Design is a national
key specialty.

NUAA has 18 colleges:

*  College of Aerospace

Engineering
«  College of Energy and Power
Engineering
«  College of Automation
Engineering
«  College of Information Science
and Technology
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»  College of Mechanical and
Electrical Engineering

»  College of Material Science and
Technology
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»  College of Humanities and Social
Sciences

+  College of Advanced Vocational
Education

»  College of Astronautics

+  College of Arts

»  College of Foreign Languages

«  College of Computer Science and

Technology

« Jincheng College

*  Graduate School

»  Academy of Frontier Science

*  College of International .
Education NUAA’s museum of aviation

NUAA offers a wide range of programs including 46 undergraduate programs, 127 master
programs and 52 doctoral programs. 2 first grade and 9 second grade disciplines are awarded
national key disciplines. The former includes Aerospace Science & Technology and Mechanics.
The latter includes Aircraft Design, Aerospace Propulsion Theory & Engineering,
Manufacturing Engineering of Aerospace Vehicle, Man-Machine and Environmental
Engineering, General and Fundamental Mechanics, Solid Mechanics, Fluid Mechanics,
Engineering Mechanics, Mechanical Manufacture & Automation. 8 disciplines are key
disciplines of the Commission of National Defense Science, Technology and Industry, such as
Tele-Communication & Information Systems, Technology of Micro Air Vehicles, etc. 10
disciplines are key disciplines of Jiangsu Province, such as Mechanical Design and Theory,
Navigation Guidance & Control, etc. 4 disciplines such as Aircraft Design, Mechanical
Manufacture & Automation, Engineering Mechanics, Manufacturing Engineering of Aerospace
Vehicle are especially set up for "Changjiang Scholar Award" professors. Besides, NUAA has
set up 12 postdoctoral programs, such as Aerospace Science & Technology, etc.

The university started enrolling international students largely since 2005 after the
establishment of the College of International Education. Currently there are over 470
undergraduate international students from 40 countries.

The university has been enrolling post-graduate international students for several years as
well. Dozens of Master and Ph.D-level students have since graduated with various majors and
specialties. It also provides scholarships to outstanding international students at both

10
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undergraduate and post-graduate levels under various government scholarship schemes
including the China Government Scholarship and Distinguished International Students
Scholarship schemes.

Apart from full-time students, NUAA has been hosting exchange students from universities
in Australia, Canada, France and Germany. Every year, under the university's exchange and
summer programs with international universities, dozens of international students come to
NUAA to study at both undergraduate and post-graduate levels.

As one of the best colleges in NUAA, the College of Aerospace Engineering is a teaching
and research college with multi-disciplines, excellent academic quality and good engineering
capabilities. After the change in 2000, it has enlarged its scale. At present it has four
departments: Department of Aircraft; Department of Aerodynamics; Department of Structural
Engineering and Mechanics; Department of Man-Machine and Environment Engineering.

With its powerful research ability, it also has nine institutes and three research centers. The
nine institutes are: Institute of Helicopter Technology; Institute of Aeroplane and Spacecraft
Technology; Institute of Aircraft Environment Control and Life Protection Engineering;
Institute of Refrigeration and Air-conditioning Technology; Institute of Vibration Engineering;
Institute of Structural and Intensity Control; Institute of Smart Materials and Structural Study;
Institute of Aerodynamics; Institute of Aircraft Maintenance Technology.

The three research centers include Mini-Flight Vehicle Center; CAD Center and Supersonic
Electrical Machinery Research Center. There is also an Aerospace Technology Exhibition Hall.

Various laboratories it owns also play an important role in its research activities. And some
especially important labs are: Helicopter Rotor Dynamics Lab (national key laboratory), Smart
Material and Structure Lab (ministerial key laboratory), Vibration Engineering Lab (ministerial
open laboratory), Aerodynamics Lab (ministerial open laboratory), Mechanics Teaching and
Experiment Center at provincial level.

Among all the specialties in the College, Flight Vehicle Design is a national key specialty,
and Engineering Mechanics is a Provincial key specialty. There are also several key academic
societies at different levels: Chinese Society for Vibration Engineering, Chinese Aeronautic
Society for Helicopter Specialty and so on.

Since 1981, it has established a wide and close corporation relationship with some famous
foreign universities in America, Russia, Britain, and France and so on. Some important
international meetings were also organized in the college, which has increased the strength of
it. And in 2005 it began to receive international students.

The university has undertaken a large amount of development work. It has strong links with
the Chinese aviation industry. Leading experts from all countries are invited to teach many
different disciplines, including “Aircraft Design”. University graduates who have studied
aircraft design here are highly rated and in high demand.

11
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4 CONCLUSIONS

As we can see, the choice of NUAA for AWADE is well founded. Even the presence of art
college is rightly so, since, as will be discussed in one article of this collection — Design is not
only a science, but also an art.

We create
« - mew Space-
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Starting any business is not easy. But the organizing committee of AWADE believes that
the 1% Asian Workshop, held in NUAA, will give the necessary impetus for its continuation in
future activities in a variety of formats, and not only in Asian universities. The English Word
“Workshop” has many meanings, and, in this regard, AWADE will include not only seminars
and conferences, but also a student Olympics, international joint projects on various problems
in the field of aircraft design and much more.

RAFHIFAE AR L) HT—

A good beginning is half the battle

THZIT, T2 T

The journey begins with a single step

Organizing Committee of AWADE-2016
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Teaching Aircraft Conceptual Design at the Undergraduate and
Graduate Levels

Anthony P. Hays
California State University Long Beach

Long Beach, California 90840, USA
Email: ahays@alum mit.edu, web page: www.adac.aero

Key words: Aircraft design, teaching, aircraft sizing, aircraft performance

Abstract:Overview of syllabus for teaching a class in aircrafi conceptual design at the fourth
year undergraduate or graduate level

1 INTRODUCTION

This paper provides abrief overview of a syllabus for teaching aircraft conceptual
design based on the author’s experience working in the advanced design department
of a major US aircraft manufacturer, and teaching in several US and foreign
universities.

The syllabus in any course is strongly affected by the textbook selected by the
instructor, and several English-language books are available [1,2,3,4]. Raymer [1]is
used in many design courses in the US. The course concentrates on those aspects of
conceptual design that are the responsibility ofdesigners and analysts in the
conceptual/preliminary design department. The course is also useful to engineers in
other technical disciplines who contribute to conceptual or preliminary design, and
help them understand their contributions and the necessary trades that must be made
between different technologies.

One of the goals of the course is to teach students the procedures for aircraft
conceptual design. But progress is only achieved by adopting new ideas and concepts
and another goal should be to encourage students to innovate. Unfortunately a one-
semester course may not provide sufficient time to quantify the benefits of new ideas.
For example, conceptual design weight estimation methods are based on analyses of
weights of past and current airplanes, so it is difficult to estimate the weight reduction
from a strut-braced wing from either Raymer’s [1] or Nicolai’s [3] weight
equations(although this can be estimated from Torenbeek’s or Cessna’s
methodsreproduced in Roskam’s text [4]).It may be very difficult to estimate the
empty weight of a truly novel concept.

2

Even so, it is worth introducing students to unique and innovative concepts at the
start of the course. Examples of these are described in Raymer, Ch. 22. Many more
can be found online. Discussion of what the designers were trying to achieve, and
why they designed certain configurations, is a useful introduction to the design
process, and helps to explain why airplanes for a given mission often look similar.
Canard aircraftdeserve special attention forcomparison with conventional
configurations.

13
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Class notes, presentations, sample spreadsheets,descriptive bibliography, and
related notes pertaining to Raymer [1] and Schaufele [2] may be found at the website
shown at the top of this page.

2 DESIGN REQUIREMENTS

Establishing military design requirements may take ten years or more to develop,
with requirements changing over time as a result of evolving threats, available
technologies, or shifting politics. For commercial airliners, requirements are usually
defined by a team comprising the manufacturer and one or more airlines who will be
initial operators, and this process may take only a couple of yearsThe requirements
team must agree on the technology readiness level (TRL) of the technologies that will
be employed in the design. For commercial aircraft, this should be TRL 7 or greater,
but for military applications the value will typically be lower.For this course the
requirements document is usually provided by the instructor, or the students compete
in an AIAA student design competition for which requirements may be military,
commercial, or general aviation.Students should also be introduced to the relevant
Federal Aviation Regulations (FARs), especially Parts 1, 23, 25, 36, 91 and 121.

An important part of the requirements document is the mission profile, which for
business jets should be defined by the National Business Aircraft Association (NBAA)
rules, or for larger passenger-carrying aircraft by FAR 121.639 (US domestic
operations), or FAR 121.645 (international operations).

3 THE ATMOSPHERE AND AIRSPEEDS

In many textbooks (including Raymer and Nicolai & Carichner), the
characteristics of the standard atmosphere and the definitions of various airspeeds are
relegated to appendices. Schaufele introduces these in the first chapters, and this is
the preferred approach. It is particularly important for the student to understand the
difference between true airspeed (TAS), equivalent airspeed (EAS), and indicated
airspeed (IAS).

4 INITIAL ESTIMATE OF TAKEOFF GROSS WEIGHT

i In industry, preferably
I two or more design concepts
s aredeveloped through the
conceptual (and possibly

v l—k—l ! preliminary) design process,
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calculated. One of thefirst analytical tasks is to estimate the TOGW required to
perform the design mission (Fig. 1).

If the relationship between empty weight required (using Nicolai’s terminology)
and TOGW is non-linear, based on statistical relationshipsof similar aircraft (e.g.,
single aisle, twin-engine airliners), or component weight buildup, then “empty weight
matching” is the preferred method, i.e., matching empty weight requiredwith the
empty weight available, based on analytically flying the aircraft on the design mission,
and subtracting fuel, crew, and payload weight from the assumed value of TOGW
(Fig. 2). This is an iterative process, and may be solved manually, graphically using
the Solver add-in to MS Excel, or other computer software. Fig. 2shows empty
weight required as a linear function, in which case iteration would not be required, but
in practice it is not quite linear.

If the takeoff gross weight is expressed as:

Wo = Werew + Wpayload i VVf + W, (1)
where W, = takeoff gross weight
Werew = crew weight
Wpayioaa = payload weight
Wy = mission fuel weight, including reserves
W, = empty weightrequired
4 + W havioad
then W= @)
—4 4 &
1-(wst wy)
2 The fuel fraction is
Weight P determined using the
g - Breguet range
7| Fuel equation lus
; from qau ’ P
Takeoff Gross Weight /// E‘nission estimates of fuel
/\) analyeis) burned in takeoff and
N landing. Eq. (2)and
i Payload w/ Fig. 2 reveal an
/ 5 difficulty

inherent

’ . ) .
Zero Fuel Weight 7 \Solution with estimating
K4 takeoff gross weight.
/ Empty Weight Required  If the crew plus
7 derived fltom component payload weight is
/ -
p weight buildup) .

. : small as a fraction of

X Empty Weight Available
73 (derived from mission tak_eoff gross
z analysis) weight,then the fuel

Takeoff Gross Weight  plus empty weight
fraction  approaches
unity. This makes the
denominator of the equation very small, and very sensitive to either fuel fraction or
empty weight required fraction.Both of these values are rather rough estimates. In the
Breguet range equation, both lift/drag ratio (L/D) and specific fuel consumption (sfc)
are estimates, and the empty weight required ratio is based on the class of aircraft, and
not related to the drawing. The reality is that in industry, this step may be skipped

Figure 2: Illustration of Empty Weight Matching
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entirely,and the initial value of TOGW is simply based on that of a competitive
aircraft; detailed sizing is done with an “industrial-grade” program which contains
more detailed methods for estimating performance variables and weights.

Nevertheless, it is worth introducing the process of empty weight matching early
in the design process. It is the process used in industrial-grade sizing programs, using
more accurate methods for calculating L/D, sfc, mission definition, and empty weight
required. These will be introduced to the students later on in the course.

If MS Excel (with Solver installed) or MATLAB code has been written to size the
aircraft, then it is easy to do an initial sensitivity analysis (Table 1) to give students a
good idea of the sensitivity of assumptions to TOGW.

Configuration (L/D)max | Cruise sfc Empty weight Empty TOGW
reduction factor weight
Baseline 18.0 0.50 1 ?77? 2?7
L/D improvement 19.8 0.50 1.0 7?7 7?7
SFC improvement 18.0 0.45 1.0 ??? ???
Empty weight reduction 18.0 0.50 0.9 ??? ???
All technologies applied 19.8 0.45 0.0 ??? ???

Table 1: Example of Initial Sensitivity Analysis
S THRUST/WEIGHT AND WING LOADING

B e In both Raymer’s
(T/W),ef | Lines of constant . _R - : ) >
* |To6W to achieve Landing Eq. (5‘41,1,}* /mf and Nicolai &
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g Takeoff-Eq. (5.9 . ?
e sid\ \q{ ; |-7| Equations |-~ textbooks the concept
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5_Edition (T/W)er and wing
loading (W/S)er

P 5 &
Second Segment Climb gonstralnt plot is not
——__modified until quite late in the
book. This leaves

(W/S)wr students  wondering

Figure 3: T/W vs. W/S Plot for Commercial Aircraft what the relationships

are between (T/W )

and (W/S)w.r, and how they constrain the design. Roskam [5, Vol I] introduces this

constraint plot early in the design process, and this is the preferred approach. Using

Raymer, it is possible to generate a slightlysimplified plot using equations in Chapter
5, with some minor modifications, as shown in Fig. 3.

Note that the values of T/W and W/S are reference values, usually defined by:

Tt = Installed thrust at sea level static, standard day conditions, all engines operating

Wi.=Maximum takeoff gross weight (usually ramp weight)

Srer = Reference wing area (usually trapezoidal, but Boeing and Airbus use different
definitions).

Often the suffix . is implied, but it is important to ratio the values,calculated at
the appropriate point in the mission, to the reference values. Takeoff gross weight is a
useful proxy for aircraft operating cost, because the two are closely related, so
minimizing takeoft gross weight is a good first-order goal. Contours of takeoff gross
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weight to perform a subsonic commercial airliner mission are superimposed on the
figure. Those of a military aircraft are often similar (see Raymer Fig. 19.3), but those
of a supersonic airliner or UAV may be very different. Generating these contours
requires more information than is available to the students at this point in the design
process, but the contours illustrate that for a subsonic airliner a constrained minimum
gross weight configuration lies somewhere along the takeoff constraint line. Values
of (T/W)er and (W/S).r should be selected that are far from the landing constraint line
to provide for future growth in TOGW without exceeding the landing constraint.

The location of the takeoff and landing constraint lines are a function of the design
takeoff and landing lift coefficients. A higher takeoff lift coefficient may result in a
lower value of (T/W).r. Quantifying this trade (higher wing weight vs. reduced
engine weight) is beyond the capabilities of the student at this time. Values of lift
coefficient for takeoff and landing should be selected that are based on comparable
aircraft. An industrial-grade sizing and performance program will generate plots
similar to Fig. 3.

6 LAYOUT AND LOFT

Student teams of four or five students should have at least one member who is
proficient in computer-aided design (CAD). However, hand-drawn drawings are
preferable to crude CAD drawings. Vehicle Sketch Pad (www.openvsp.com) may be
used to generate the outer mold line (OML). When the design is reasonably firm, the
designer should also generate a model of the primary load-carrying structure (“bones
drawing”) and also show where the major components, such as cockpit, passenger
cabin (or other payload bays), fuel tanks, landing gear, avionics bay, environmental
control system, radar, and other systems are located. For passenger aircraft, attention
must be paid to both regular exits and emergency exits defined by FAR 25.807. For
military airlifters, the ability to load bulky cargo (if required in the request for
proposal), such as large vehicles or weapons, must also be demonstrated.

Students should examine cutaway drawings of similar aircraft, of which many can
probably be found on the internet. Why are commercial airplanes and military
airlifters so different structurally from fighters? What are the primary loads, both
point loads (such as landing loads), and distributed (such as lift), and how are these
loads carried through the structure? Students must get a good feel for these load paths
even though they may not have enough time for quantitative evaluation. Students
should also understand why components, such as the auxiliary power unit (APU) are
usually placed in a certain position. For military aircraft design, a qualitative
discussion of stealth characteristics is required.

2

Wing design is a separate technical discipline, and in a design office the designer
will work closely with aerodynamicists, structural engineers, stability and control
engineers, and others, to optimize the wing. Airfoil section properties as a function of
spanwise location are mostly the responsibility of the aerodynamics group, but overall
characteristics (aspect ratio, sweep, thickness/chord, taper ratio) are joint
responsibilities. Optimization may be either graphical or using multidisciplinary
optimization (MDQ) software. In the student environment, there is usually
insufficient time for this, and students may have to select values based on competitive
aircraft.
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7 LANDING GEAR AND SUBSYSTEMS

Particular attention must be paid to landing gear location and retraction. An initial
assumption must be made of the forward and aft center of gravity (c.g.) locations.
Based on data in Torenbeek [5], for commercial designs or airlifters, a range of 15%
to 35% of the mean aerodynamic chord (MAC) is reasonable, with a nominal value of
25% MAC. For fighters a nominal range of 20% to 40% can be assumed.

For conceptual design a
15° angle between the aft
center of gravity and main
landing gear trunnion (Fig. 4)
is usually acceptable,
although additional design _ o Sbgulile
analysis may show that this Figure 4: Location of MLG Relative to Aft c.g.
angle can be decreased by a few degrees for an unswept wing, and must be increased
for a highly swept wing.

e Students often have
T e = ke ST difficulty generating the
" A e scrap view, shown as

i A in Fig. 5 to

i /

111ustrate comphance with
the 63° maximum angle

: e for lateral tipover. The

T 4 B o Umover| | scrap view is a  view
Pt % JeLE 1| looking along the axis
g parallel to the line

VIEW AA] ™ between the center of the

nose landing gear

STATIC GROUND L INE Ui (projected

&
i

vertically on to the ground)
and the center of the main
landing gear trunnion,
similarly projected. The
value of 63° represents a one-half g lateral turn on a taxiway. This requirement can
usually be met quite easily for an aircraft with wing-mounted main landing gear, but
more difficult to meet for fuselage-mounted gear. For carrier-based aircraft, the value
is usually 54°.

SIDE YIEW ¥ |

Figure 5: Calculation of Lateral Tip-over Angle

7 PROPULSION SYSTEM SELECTION AND LOCATION

For students, selecting an engine with characteristics that best match the mission
requirements is difficult, and at the most simple level may be based on an engine with
static thrust that most closely meets that required by performance analysis, and has a
bypass ratio that is similar to that of competitive aircraft.

Selecting the wrong engine location for an aircraft type has doomed some aircraft
programs, and it is worth discussing the various trades involved. For commercial
aircraft, they usually involve many aircraft characteristics, such as maximum lift
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coefficient (C;, ), minimum control speed(V).c), longitudinal stability, empty weight
fraction, maintainability, passenger and cargo loading, and interior noise.

8 AERODYNAMICS

Generating C;, vs. a plots is described in a fairly straightforward manner in most
textbooks. Raymer and Nicolai & Carichner referenceavalues to the wing reference
plane, rather than the fuselage reference plane as used in Schaufele and Torenbeek,
the latter whichis standard for commercial aircraft. The difference between the two
planes is selected by the designer, and is a function of the desired fuselage attitude
during cruise.

Calculating zero-lift drag is also straightforward, and almost all textbooks use the
same procedure, although few present the calculations in a tabular format that is
suitable for spreadsheet analysis. Estimation of incompressible drag due to lift
(universally, but incorrectly, referred to as ‘induced’ drag) is also fairly
straightforward. Using the methods of Shevell [6], Schaufele provides a method for
calculating the effect of the fuselage on drag due to lift.

Estimating the effect of compressibility on drag due to lift is difficult, in part
because of disagreement about definitions. The Boeingdefinition of drag divergence
Mach number (Mpp) isthe Mach number at which the drag is 20 counts (or ACp =
0.0020) above the incompressible value. The Douglas definition (also used by the US
Air Force and by other researchers in this area) is the Mach number at which dCp/dAM/
= 0.10. In general, the Douglas definition is preferred. Raymer also states that the
Douglas value of Mpp is about 0.06 above the Boeing value. In practice, this
difference can vary considerably, and sometimes the Douglas definition produces a
value that is less than that of the Boeing definition. This is due to large differences in
the shape of the drag rise for different airfoil sections. This can be seen in the
numerous drag plots (i.e. sets of curves of ('p as a function of M for different values
of C7) in Obert [7]. A notional plot is shown in Fig. 6. The best that can be done is to
admit that whatever results are generated can only be approximate.

C, versus Mach Number The drag plot does
005 not appear in Raymeror

Nicolai & Carichner,
although it is probably
004 S the single most useful
- | | ‘ ., Wway to compare the
| ] : —aw: aerodynamic efficiency

003 —— " —a=3  of high-speed subsonic
- S il e S o / > aircraft. Two additional
< - s ;__:__// aos plots are derived from
Ly a7 the drag plot: a plot of
a5 L/D vs. C, and a plot
of ML/D vs. Cy. bothfor
05 055 06 0.65 07 0.75 0.8 0.85 09 0.95 different values of
AN Mach number. The

latter plot provides
confirmation for
selection of the cruise Mach number. A procedure for generating these plots is
described in Schaufele. The critical issue is the method for estimatingh/pp. Options
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“
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Figure 6: Spreadsheet-generated Notional Drag Plot
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are to use one of the following: 1) the chart in Raymer, 2) the chart in Schaufele
showing Mpp as a function of average 7c, C; and wing sweep, 3) the Korn
equation([8], Section 9.15), or 4) DATCOM [9]. Schaufele’s chart ([2], Fig. 4.8), or
the Korn equation, are the preferred methods for generating an equation for Mpp as a
function of wing geometry to insert in a spreadsheet. The Korn equation contains a
constant (k) which allows more advanced wing technology to be assumed.

Supersonic zero-lift drag and drag due to lift can only be approximated without
using methods beyond those available to students. These approximate methods are
described in Raymer and Nicolai & Carichner. An explanation of the significance of
area ruling provides an example of a major breakthrough in aerodynamics.

A qualitative explanation of winglets, vortex generators, and other flow
modification methods should also be discussed.

9 STRUCTURES AND LOADS

Students should be able to generate the maneuver }J-n diagram and estimate the
gust J-n diagram (the exact diagram requires detailed computational analysis). They
should also understand the relative benefits of different structural layouts and
materials. Simple loads analysis is usually left to a two-semester course.

10 WEIGHT ESTIMATION

Most textbook weight equations only apply to the most common configurations,
and it is difficult, for example, to do a trade study on transport aircraft engine location,
because the weight equations for both wing and fuselage may not include that variable.
Torenbeek’s methods include wing weight reduction for engines mounted on the wing
although they not consider spanwise location. Nor do they include the additional
fuselage bending weight penalty from having engine mounted on the rear fuselage.
Just about all weight equation systems do allow parametric evaluation of aspect ratio,
sweep and t/c, but the location of the optimum configuration is strongly dependent on
the equations themselves, which do not consider every design feature. So the benefit
of doing such a trade study is questionable. Roskam’s Airplane Design, Part V [5]
probably has the most comprehensive set of weight equations, and includes those of
Cessna, USAF, and Torenbeek.

11 STABILITY AND CONTROL

. s For commercial airplane designer, one of the most
) important stability requirements is that for the most
critical c.g. location the aircraft must have a positive
static margin, as required by FAR 25.175. Students
must appreciate the importance of getting the c.g.
travel forward of the neutral point. For a fighter the
static margin may be negative, and adequate
longitudinal stability achieved artificially.

C.g. Location on MAC

Fignms 7: Noteh Chart:fa Lalenlate Vi To calculate the horizontal tail volume

coefficient (V) the method used in industry is to plot a “notch” chart (using the
Lockheed term), or “scissors” plot (using Douglas terminology), (Fig. 7). Generation
of the notch chart requires fairly detailed knowledge of aircraft geometry and
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associated aerodynamic forces, and cannot be expected of students in a one-semester
course.

For horizontal tail sizing, the simplest method is to select a horizontal tail volume
coefficient that is comparable with other aircraft in the same class.

Yawing moment
due to asymmetric
thrust

Yawing

6 moment
Horizontal N
Tail Volume

Coefficient S b - S ¢ —
per Unit of Yawing moment

o o / & due to full rudder
Fu 4 | AN deflection
% MAC & . I

2

0 1 2 Aircraft speed V Ve

N i F AN (. ¥ 3
Longitudinal Fuselage |,"Wru5t ) |._quw,,| 1.05 Ve = Vg (takeoff rotation speed)
Volume Parameter ¢ - = . MC =
w w
Source: data from Schaufele

Fisurs & Hstimation of 'y Figure 9: Calculation of V-

A slightly more accurate method is to use the correlation between horizontal tail
Vi
%MAC

volume coefficient per unit of c.g. travel( ) and the longitudinal fuselage

2

W) (Fig. 8), where Wy, is fuselage width, Lgas is
fuselage length, Sy is reference wing area andcy, is the MAC. The correlation exists,
but cause and effect is not obvious.

There is a similar hierarchy of methods for estimating the vertical tail volume
coefficient (V).

For a commercial aircraft the tail is often sized for meeting the FAR requirements
for takeoff minimum control speed (Vi) (Fig. 9). Students can check that Vi <
1.13Vsg(stall speed in the takeoff condition) (FAR 25.149(c)).

Detailed aileron sizing is usually left to a two- or three-semester course.

12 PERFORMANCE

volume parameter <

A single equation relates required (7/W) vs. (W/S), at a given point in the mission,
for level flight, climb, acceleration, or sustained turn.

M CRRCI

)

where ¢ is dynamic pressure, Cpis zero-lift drag, i is sustained turn rate, V' is true

airspeed, K is induced drag factor, and Ps is required specific excess power. This
equation is needed to add constraint curves to the constraint plot for military aircraft.
Students must remember (but often forget) to factor input values of (W/S) from
reference values, and factor output values of (7/W) to reference values. A separate
equation is required for instantaneous turn rate.
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Although of more interest to glider pilots, students should be aware of differences
in speeds for gliding at the minimum sink rate and minimum sink angle.

For takeoff and landing, Schaufele provides the best procedure for detailed
calculation of balanced field length, all-engine takeoff field length (and hence FAR
field length), and landing field length for commercial aircraft. Raymer provides an
empirical equation, taken from Torenbeek, to estimate balanced field length which
usually also defines FAR field length. These methods provide a more accurate
estimate than methods used in initial constraint analysis.

13 COSTS

For military aircraft life cycle cost (LFC) is the preferred method for comparing
aircraft costs, and this is treated adequately in Raymer. For commercial aircraft,
direct operating cost (DOC) is the preferred method. Through the 1970s and ’80s a
standardized method of calculating DOC, the Air Transportation Association 1967
(ATA °67) method, was used by both industry and airlines, but when its limitations
(such as omission of capital costs) became increasing apparent, several different
methods emerged, many of them proprietary. No standardized method has emerged.

An estimation method known as DOCI (Direct Operating Cost plus Interest) is
based on the work of Liebeck [10], who drew upon the operating costs of McDonnell
Douglas airplanes in commercial service up until 1993, using data which reflect costs
in a deregulated environment. The DOC+I method takes into account the following
operating expenditures: fuel, flight crew, airframe maintenance, engine maintenance,
landing fees, navigation fee (for international flights), depreciation, interest, and
insurance. The equations can be adjusted to account for inflation. Students should be
familiar with this or similar methods, but it is unlikely that time can be found to make
use of it in a one-semester course.

14 CONCLUSIONS

A one-semester course in aircraft conceptual design can provide only a quick
overview of the design process. Students will learn how each technical discipline
contributes to the design, and how these technologies must be traded. Time
constraints prevent detailed trade studies, but these studies are an important part of the
design process. Design analysis is only one part of aircraft design. The design of an
aerodynamically, structurally and operationally efficient aircraft is equally important.
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Abstract: This paper presents aircraft design education practice through a design/build/fly
project of remote-controlled, electric powered unmanned air vehicles. The primary goal of
the project is to have students gain insight into the processes of aircraft design and
developments. The project covers conceptual design, preliminary design, detail design,
fabrication, and flight tests of the electric powered unmanned air vehicle. The organization of
student teams, instructors, and process-monitoring is critical for success of the project.
Several examples of the project are illustrated. The observations to the project are concluded.

1 INTRODUCTION

Since 2004, a design/build/fly project for remote-controlled, Electric-Powered, Unmanned
Air Vehicles (EPUAVs) has been conducted at Nanjing University of Aeronautics and
Astronautics (NUAA). The objectives of this project are to have the students gain insight into
the processes of aircraft design and developments; to motivate the students to gain knowledge
in areas including aerodynamics, structures, propulsion, flight dynamics, control and
manufacture; to develop skills to solve engineering problems; and to cultivate engineering
teamwork.

The project is oriented to seniors (forth year students) majoring in aircraft design and
engineering, and is financially supported by the Teaching Affairs Office at NAUUJ[1]. Up to
this point, more than 70 teams have participated in and completed the project. In this paper, the
processes and organization of the project will be presented, several examples of the project will
be illustrated, and, in conclusion, observations to the project will be offered.

2 PROJECT REQUIREMENTS AND PROCESS

The tasks of the project are: 1) the student team must develop a design for a remote-
controlled, Electric-Powered Unmanned Air Vehicle (EPUAYV); 2) the student team must
finish the fabrication of the EPUAYV:; 3) a flight test must be demonstrated.

The basic requirements for the EPUAV are: 1) the maximum size of the EPUAYV is no
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larger than 2.5m due to transportation limitations; 2) the cost of the EPUAYV fabrication is less
than ¥ 4000 due to the limited budget; 3) the team should determine the design concept of the
EPUAYV and its design requirements; 4) the EPUAV project should be finished within 18
weeks.

The project is divided into six phases: 1) conceptual design, 2) preliminary design, 3)
detail design, 4) fabrication, 5) flight tests, and 6) documentation and presentation.

1) Conceptual Design

In the conceptual design phase, the major works are: (1) determining the EPUAV overall
configuration; (2) designing the fuselage configuration, wing configuration, empennage
configuration, control surface configuration and landing gear layout; (3) selecting a
propulsion system; (4) evaluating the design concept through the aerodynamics, propulsion,
weights, performance, and stability analysis using rapid engineering methods.

Students should complete the conceptual design by the use of software and tools. For
example: the CAD software CATIA is used to generate the aircraft configuration, and the
program AVL[2] (a code based on vortex lattice method) and Friction[3] (a code predicting
zero-lift drag) are used to evaluate the aerodynamic performance.

Usually, the conceptual design phase needs 3 weeks. The primary outputs of conceptual
design phase are a 3D model of the aircraft configuration, and a document on feasibility of
meeting the requirements with evaluation results for the design concept. A typical 3D model
of the aircraft configuration from the project in 2016 is shown as in Fig.1.

Figure 1: 3D model of aircraft configuration in conceptual design phase

2) Preliminary Design

In the preliminary design phase, the aircraft configuration from conceptual design phase is
evaluated by a more detailed method. The aerodynamic performance is evaluated by the panel
method or other CFD software. Figure 2 is an example of aerodynamic modeling by the panel
method[4]. Based on the more detailed evaluation results, the configuration is refined to
improve the aerodynamic performance.

The internal and structural layout of aircraft is developed by use of CATIA during the
preliminary design phase. The structural materials are selected and the structural components
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are sized, based on past experience.

The structural weight prediction of aircraft is refined using CATIA. The more detailed
flight performance and stability characteristics are evaluated using the refined aerodynamic
and weight data.

The preliminary design phase usually needs 4 weeks. The primary outputs of preliminary
design phase are 3D models of the refined aircraft configuration, and internal and structural
layout, plus a document that guarantees the design requirements are met. A typical geometric
model of the internal and structural layout is shown in figure 3.

Figure 2: Aerodynamic modeling by panel method in preliminary design phase

Figure 3: Geometric model of internal and structural layout

3) Detail Design
In the detail design phase, all parts of the structure are designed based on the structural
layout from the preliminary design phase. The primary loads are determined and the stress
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and deformation of the overall structure are predicated using MSC.Patran software. The
designs for the major connecting parts of the structure are refined to make sure that the parts
have enough stress. The control systems that control the motor, rudder, elevator, ailerons and
landing gear are designed.

Usually, the detail design phase needs 5 weeks. The outputs of the detail design phase are
the drawings of all parts and the control system. Figure 4 is an example of parts design and
stress analysis.

Figure 4: Wing rib design and stress analysis.

4) Fabrication
All parts are fabricated and assembled into the components in the NUAA fabrication lab
or in the cooperative factory by the team. The facility, such as laser cutting machine, drill and
others are provided in the fabrication lab. Figure 5 shows students fabricating a mould for the
fuselage skin, and assembling the wing and fuselage in the fabrication lab. The fabrication of
the EPUAYV usually takes four weeks.

Figure 5: Students fabricating the EPUAYV in the lab

5) Flight tests

After finishing the fabrication of the EPUAYV, students can begin to test their vehicle. The
tests include: 1) propulsion system test, 2) control system test, 3) ground taxi test; 4) flight
test.

Figure 6 shows students conducting the ground test of the EPUAV.

Figure 7 shows the flight test of the EPUAV.

The tests of the EPUAV usually take two weeks.

6) Documentation and Presentation

After finishing the flight tests, students must write a report on the processes and their
achievements of the project. Also, a final presentation of the project must be delivered by
each team to the instructors and the other students. The grade for each student is determined
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by the team achievement, individual contribution and attendance.

Figure 6: Taxi test of the EPUAYV on the lake at NUAA campus

Figure 7: Flight test of the EPUAV |

3 ORGANIZATION OF THE PROJECT

The EPUAYV project is challenging for students, and a large amount of work must be
completed in 18 weeks. Therefore, organization is critical for success of the project.

1) Teams

Each year around five teams participate in and complete the project. Each team usually
consists of five or six students. A team leader is responsible for organizing the weekly team
meeting, and coordinating the teamwork. Each student is responsible for a specific discipline,
such as aerodynamics, structures, propulsion, stability and control. Each team should have
weekly meetings to discuss current accomplishments, to make decisions about specific
problems, and plan the next steps. All members should participate in the discussions at each
team meeting. Every member is equally responsible for the team’s progress and success.

2) Instructors

The EPUAYV project is directed by a group of instructors, who are specialized in different
disciplines, such as aerodynamics, structures, propulsion, stability and control. During the
project, the instructors give a series of lectures on each phase of the project; for example: an

28



Xiongging Yu

overall project plan, conceptual design method, acrodynamic analysis method, and application
of structural analysis software.

A group of teaching assistants (graduate students) also play an important role in assisting
in use of the software and fabrication of the EPUAV.

3) Project monitoring

In order to complete the EPUAV project within the limited time, project monitoring is
necessary. Each team must submit a report detailing their weekly progress after which the
instructors can discuss the designs with the teams, and give them advice and guidance.

The results of the conceptual design, preliminary design and detail design must be
presented in a critical design review meeting to the instructors and all teams.

4 EXAMPLES OF THE PROJECTS

More than 70 teams have participated and completed the EPUAV project since 2004.
Various EPUAV concepts are designed, fabricated and tested. The following are a few
examples of previous EPUAYV projects.

1) Flying car

In 2007, a team proposed a flying car design concept as shown in figure 8. This project
was quite challenging, especially for the design of the propulsion system which needed to
drive the wheels when in car mode and the propeller when in aircraft mode. The team
successfully completed the design, fabrication and tests of the flying car model. The tests
showed that the flying car model could run on road like a car, and could fly like an aircraft.

73 -
s o,

(b) Structual layout of the flying car (c¢) Team members and their flying car model
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Figure 8: Flying car project

2) Modular aircraft concept

In 2007, a team proposed a modular aircraft concept. The fundamental theory is that two
basic aircraft can be connected to produce a new large aircraft (derivative aircraft). In this
way, a family of aircraft for different missions can be produced with low cost. The
configuration of the basic aircraft is a canard configuration aircraft as shown in 9(a). The team
built two of the basic aircraft, and then connected the two together to obtain a derivative
aircraft which has a canard, double fuselage configuration as shown in 9(b). This derivative
aircraft has new performance with longer endurance and larger payload. The flight tests
showed that both the basic aircraft and the derivative aircraft had good stability and control
characteristics.

(a) basic aircraft (b) derivative aircraft
Figure 9: The modular concept EPUAV

3) BWB aircraft project

Aircraft designers are becoming increasingly interested in the Blended Wing Body (BWB)
configuration due to its higher aerodynamic efficiency. But the stability and control
characteristics of BWB configuration had not been fully explored. In 2011, a team tried to
study the stability and control characteristics of the BWB concept by constructing a BWB
model aircraft. They built the BWB model aircraft as shown in figure 10, and finished several
flight tests. From this project, the students realized that the prediction accuracy of the center
of gravity (C.G.) and aerodynamic center (A.C.) during the preliminary design of the BWB
model aircraft are crucial for its stability and control. Also, special attention should be paid to
the the control surface layout design od this type of aircraft. The flight tests showed that the
BWB model aircraft could attain good stability and control characteristics after the team
adjusted the center of gravity and modified the control surface layout.
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Figure 9: EPUAV with BWB configuration

4) Joined-wing aircraft project

The joined-wing configuration is another interesting unconventional concept that has
advantages in terms of wing structural stiffness. In 2015, a team proposed a joined-wing
configuration aircraft concept for future civil transport, and built a scaled model aircraft. They
used aerodynamic analysis software to investigate the aerodynamic interference between the
front-wing and aft-wing, and stability and control characteristics of the joined-wing
configuration. During flight test, the pilot said that it was very easy to fly the joined-wing
model, and it was much like flying a model aircraft with a conventional wing configuration.

Figure 10: The EPUAV with joined-wing configuration

S OBSERVATIONS

Several important observations have been obtained from the EPUAYV project during last
12 years.

1) Students have been motivated by the project to learn about aircraft design. By taking
part in the project, students not only learn to design an aircraft on paper, but they also build
and fly the aircraft that they have designed. Almost all of the teams try their best to complete
the project to exhibit their ability. The students have to gain knowledge in disciplines such as
aerodynamics, structures, propulsion, flight dynamics, control and manufacture during the
project. The instructors find that some students might take more effort and volunteer more
time than the instructors expected.

2) The project has motivated student innovation. Most of the teams try to design a new or
different EPUAV. Some team are successful, but some teams are not, but either way,
involvement in the project inspired the students to try new ideas and methods.
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3) Through the project students have gained better understanding on the process of aircraft
design and developments. All of the teams have completed the whole process including
conceptual design, preliminary design, detail design, fabrication, and flight tests. Many
students said that this experience was unforgettable and that it helped them to gain insight into
the process of aircraft design and developments.

4) The students’ skills solving engineering problems were developed during the project.
The students encountered various unexpected problems that they could not find the answers to
from their books. They had to find a way to solve the problems by themselves.

5) Teamwork has been cultivated during the project. The EPUAV project is quite
challenging for the students, and a lot of work must be completed in 18 weeks. They had to
learn how hold the weekly meetings to allocate the workload to the different team members,
to discuss the problems they encountered, to make decisions for the design and plan for next
step. At beginning of the project, students found some difficulties in teamwork. But after a
few weeks, the teams worked well together. They realized that project should be well
organized, and that teamwork was key factor for project success.

6) The students gained skills using industry-level software. During the project, students
learned how to use the professional software such as CATIA, MSC Patran and CFD. These
programs were used extensively in the design and analysis of the EPUAVs. We found that
most students were skillful in the use of CAD software CATIA. These skills will be very
useful for the students to pursue a career in the aircraft industry.

6 SUMMARY

We have carried out the EPUAV projects for more than a decade. The project is quite
challenging for students, and its process is complex. The organization of student teams,
instructors, and process monitoring is critical for the success of the project. The feedback
from students is quite encouraging. Most of the students said that they benefited greatly from
the project. Our observations showed that the practice of the EPUAYV project had fullfilled the
objectives of aircraft design education.
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Abstract. Described is an experience of the establishment and operation of the complex of
laboratories for research and students training in composite technology as well as advanced
training of industrial employees. Presented are structure and equipment of the complex.

INTRODUCTION

The Aircraft Manufacturing Department of Kazan National Research Technical
University named after AN. Tupolev offers a program in Design and Production of
Composite Parts.

During studies, it is critical to develop practical skills in the domain of composite
technology. It is well-known that the application of theory in production of a specific part is
the best way to master any discipline. Practical work aimed at manufacturing of specific parts,
is the strongest stimulus for creative thinking. If a student obtains practical results that exceed
existing design and technology, he or she gets enthusiastic about his or her profession. One
may assume with confidence that this student will become a good professional.

Obviously, the most efficient education scheme would be the one which includes a
final project featuring a practical section based on production of a composite part.

STRUCTURE OF EDUCATION CENTER

The structure and equipment of the complex of education laboratories at the Aircraft
Manufacturing Department is based on the following concepts:

a) Laboratory equipment should cover the main stages of composite parts design and
production. To some extent, this structure should look like a small-scale R&D enterprise. Due
to the specific character of composite technology and the subject being taught, it is reasonable
to have the following laboratories:

- Computer design and simulation;

— Material science;

— Tooling manufacturing

— Preforms production

- Molding
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—  Quality control
- Assembly
- Coating
— Equipment manufacturing and adjustment
— A class of well-known design and technological solutions for composite parts and
tooling
b) Laboratories should ensure training of students with various levels of previous
education:
— Students who have just started becoming familiar with specific subjects using simple
and clear technology examples.
— Students who are doing their graduation project and developing innovative structures
and processes.
— Industrial employees within an advanced training program.
c¢) The structure and equipment of the laboratories should meet the requirements of state-
of-the art composite enterprise, and the cutting-edge technologies should be at the disposition
of the laboratory.
d) Simulation and digital equipment control should be used at a maximum when processes
are designed.

It is obvious that equipment and maintenance of such a laboratory complex requires
significant funding. That is why the education center is based on a complex of laboratories of
the Center of Composite Technology (CCT). Figure 1 illustrates the extensive structure of this
research and education center.

A significant part of expenses for equipment maintenance and composite and auxiliary
materials purchase are covered by the revenues from R&D under contracts with industrial
partners.

COMPLEX
OF RESEARCH
AND EDUCATION
LABORATORIES

QUALITY CONTROL MOLDING

Figure 1: Structure of the United Research and Education Center.
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LABORATORIES EQUIPMENT

Design and simulation lab (Figure 2) provides education in the following areas:

a) methods of 3D processing, tooling, and equipment development

b) writing of mechanical treatment control programs for NC units

c¢) writing of control programs for specific processing equipment, such as a cutter, a
TFP machine, a radial braiding machine, etc.

d) development of ply book for processing package

e) development of injection scheme for transfer molding processes and simulation of
injection process

f) structural analysis — calculation of deflection mode of composite structures

g) simulation to study production processes.

The laboratory is equipped with efficient high-end computers.

Siemens NX software is used for geometry design. Items b and c are realized in
specific software. Items d and e are performed in FiberSIM and PAM RTM by ESI Group.
Structural analysis (e) is done in ANSYS and NASTRAN.

Figure 2: Laboratory of Computer Simulation.

Material science lab targets training in the domain of physics and chemistry of
composites (Figure 3). It should have competences to study the properties of composites,
generate new composites with given properties, develop and optimize modes of molding,
including thermal compression, transfer and other methods of molding.

This lab is comprised of two parts: Chemistry Department, and Physics and Chemistry
Department.

33



Valentin I. Khaliulin, Elena M. Gershtein

S EEENER
g EREEEN

Figure 3: Material Science Lab:
a —Chemistry Department; b — Physics and Chemistry Department.

Chemistry Department has the standard equipment necessary to study polymers.

Physics and Chemistry Department is equipped with the following devices:
— Rheometer to study polymers’ rheology

Dynamic Mechanical Analyzer to study viscoelastic behavior of materials (elastic

modulus) depending on various factors, such as temperature and load application
frequencies

Thermal Mechanical Analyzer to study changes in linear dimensions of material

samples under controlled temperature, time, load and sample atmosphere.
Differential Scanning Calorimeter to study physical and chemical processes in

substances in the wide range of operation temperatures
- Optical Microscope

Infrared Spectrometer to study chemistry of polymers.

Laboratory of Processing Tooling aims at development of knowledge and skills in
methods and means of molding tooling production. This laboratory is equipped with NC units
for mechanical treatment of different materials, such as metals, mold plastic, silicone, etc.,
and control and measurement equipment (Figure 4).
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Figure 4: Laboratory of Processing Tooling Production.

Laboratory of preforms and pre-laminates production reflects the wide range of
state-of-the-art methods for semi-finished net-shape parts production from dry materials and

prepregs.

To illustrate the widely known layup preform production, a Ziind cutter and 3D laser
projector are used. Layup is performed in a ‘clean zone’ with ISO grade 7, 8.

Innovative methods of preforms production are presented with the following
equipment:

a) Tailored fiber placement machine (Figure 5) [1], [2]
b) Radial braiding complex based on HERZOG braiding machine (Figure 6)

¢) Tufting and blindstitching complex for preforms manufacturing (Figure 7)
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Figure 7: Tufting and Blindstitching Complex.

Laboratory of Molding consists of three departments.

In the first department, thermal compression methods are studied (Figure 8). The
following equipment is used: small autoclave (Figure 8, a), hydraulic press (Figure 8, b),
pneumatic press (Figure 8, ¢), vacuum press (Figure 8, d). In the second department, transfer
molding is studied, including RTM (Resin Transfer Molding), Light RTM, RFI and infusion.
Figure 9 shows two sets of equipment for RTM. In the third department, alternative molding
processes are studied, in particular, studies involving a machine for ultra-violet curing.
(Figure 10).

Figure 8: Equipment for Thermal Compression Molding: a — Autoclave; b — Hydraulic Press;
¢ — Pneumatic Press; d — Vacuum Press.
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Figure 8 (cont 'd). Equipment for Thermal Compression Molding: @ — Autoclave; b —
Hydraulic Press; ¢ — Pneumatic Press; d — Vacuum Press.

Figure 9: Complex for RTM.
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Figure 10: Machine for Ultra-Violet Curing.

Analytic equipment developed and produced by Inasco is used to study transfer
molding and real-time monitoring of composite parts production based on material states.
(Figure 11).

Figure 11: Machine to Study Resin Flow in a Preform.

Quality control laboratory includes four departments: parts and tooling geometry
control, material quality control, static testing and impact testing.

To control parts and tooling geometry, an arm-type control and measurement machine
is necessary. It may work either in contact or in scanner mode (Figure 12).

Material quality control is performed with an Omniscan MX2 ultrasound inspection
machine (Figure 13).
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Figure 13: Non-Destructive Inspection of Composites.

To study static testing methods, a universal electrical mechanical machine, climate
chamber and a set of testing tooling are used (Figure 14).
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Figure 14: Tooling and Machine for Static Strength Testing.

Figure 15 demonstrates equipment that is used to study impact resistance and
durability. The set includes a vertical impact machine, a pendulum machine and testing
tooling.

A N

Figure 15: Equipment for Impact Testing.

Assembly and joining lab (Figure 16) is arranged to study methods of thin-walled
composite parts location, methods of reconciliation of dimensions and accuracy ensuring, as
well as creation of mechanical and adhesive joints. This laboratory is equipped with stocks for
location and assembly of two- and three-dimensional units. These units contain truss and shell
composite elements. Specific tooling and instruments are used to study assembly methods.
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Figure 16: Assembly Lab.

Laboratory of equipment production and adjustment (Figure 17) provides the basis
for implementation of creative initiative of students and research assistants.

Under supervision of faculty staff, scientific and technical ideas that are born while
working on graduate projects and theses find their way here [3].

Figure 17: Laboratory of Innovative Equipment.

SUMMARY

1. The aforementioned complex of laboratories:

- provides students with practical skills in composite parts production

— gets students familiar with processing equipment, and operating as well as
programming of this equipment

— provides conditions for scientific and technical creativity.
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2. This complex of laboratories unites the main industrial processing methods. At the
same time, it does not cover a range of technologies, such as winding, pultrusion, spraying
and methods of thermoplastic composites processing. Thus, a cooperation of universities that
are mutually complimentary when it comes to equipment and processes seems to be
reasonable. This lack may be compensated for by cooperation implemented within a network
education system or training in an industrial enterprise that has the necessary equipment.

3. Operation of the complex is possible only when it is combined with R&D center
that has revenues to cover the major expenses of training.

4. Key element for fully-fledged operation of training labs is academic literature that
includes books, manuals for practical training sessions, project tasks, etc.

5. Methodology of the center should include a set of topics for prospective graduate
projects. These topics should meet the requirements of a composite technology long-term
development strategy.
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Abstract. Developed is a complex for education and training in the field of composite parts
production involving such methods as contact molding, infusion and modified resin transfer
molding (RTM) using a tooling with integrated resin injection system, methodologically and
financially adapted to learning process.

1 INTRODUCTION

Nowadays technology development involves wvast composites application. First,
composites were applied in transport, where weight is critical. As a result, more than 50% of
the structure of certain aircraft is made up of composites. Composites have become a common
material in construction, sports and everyday life.

Traditionally, training for the students to get practical and production skills is based on the
treatment of woods and metals. So there is a gap in composite technology training and
education. Considering the fact that technical advances and improvements are closely related
to the application of composites, development of knowledge and skills in composite
technology becomes more and more topical.

Equipment and manuals for training and education in composite technology differ
significantly from the ones necessary for metal and wood treatment training. Thus, the
introduction of production complexes in education and training process may be considered
reasonable, so that the student can get general knowledge about methods of composite parts
production.

The establishment of an educational molding complex for the students to get practical
skills in production of composite structures is suggested. A suitable configuration for this
complex would one as typically found in large-scale composite production.

The complex should be adapted to fit most educational and training processes, and
equipped with machinery, tooling and instruments for composite parts production to ensure
mastering the main steps of this process.

An idea to create such a complex is based on common processes of composite parts
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production by contact molding, dry preform layup followed by infusion and RTM. It is
suggested to use carbon fabric and two types of resins — for cold and hot cure.

Industrial variants of RTM involve costly equipment and numerical control systems that
are unacceptable in the educational environment. So, there is a need for an analogue that
would provide students with knowledge on the basics of the technology and a possibility to
give a way to their creative potential using modified, less expensive equipment. This research
provides a variant of such a patentable RTM process solution.

This technology is well adapted to small-scale and middle-scale production. If one has to
produce 500 — 20 000 parts per year, RTM provides maximum optimization of costs and
improvement of product quality [1]. If one has to produce one or a few parts, production costs
rise in the order of magnitude and become equal to the cost of equipment itself. The most
costly and complex part of the RTM process is injection machine, the one that injects resin
into the tooling. In order to decrease the costs of single part manufacturing, it is suggested to
give up a complex and expensive injection machine and use a simple resin injection system
instead. This system is based on a material that increases its volume at a phase change from
solid to liquid state at a certain melting temperature programmed in the material.

2 TOOLING WITH INTEGRATED RESIN INJECTION SYSTEM

The scientific novelty here is the development of a transfer molding process using tooling
with an integrated resin injection system for composite parts manufacturing. Injection is based
on a physical process of instant expansion of a substance due to phase change (from solid to
liquid) under heating. There is also a possibility to program phase change initiation
temperature.

The principle of the injection system operation is as follows. There is a specific cavity in
the tooling that contains a substance with a high programmed coefficient of thermal
expansion. There is a membrane next to it, and then comes the second cavity with resin. There
is a channel in the upper cavity that is connected to the tooling. When tooling is heated, the
substance starts to expand and pushes the membrane. The membrane starts to push the resin
out of the upper cavity into the tooling and into the preform (see Figure 1). the method of
resin injection, described in [2], is significantly different — the pressure is created by
compressed air.
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Figure 1: Structure of Tooling with Integrated Resin Injection System

Ceresin wax ‘Ceresin 100’ is used as an expandable substance in the tooling [3]. Unlike
other expandable elements, ceresin wax expands progressively, and maximum expansion
takes place at the moment of phase change (from solid to liquid). This is exactly the type of
expansion necessary for correct operation of the tooling, because the resin should be injected
at a certain temperature at a precise moment (Figure 2).
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Figure 1: Thermal Expansion of Ceresin 100 wax.

Ceresin 100 melts at 116°C, this is the temperature of resin injection.

the coefficient of ceresin expansion was determined experimentally. Ceresin was heated
up to melting temperature and its volume was measured. Then it was cooled down to room
temperature and the volume was measured again. Further, a ratio between the difference of
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the volumes and ceresin wax volume at a room temperature was determined. The coefficient
of thermal expansion a is as follows:

o=3,5/46,5 * 100% = 7,6% ~ 8%

So, when heated till melting temperature, ceresin wax expands by 8% of the initial
volume. Thus, a conclusion can be made that with ceresin wax we can push out the volume of
resin which equals to 8% of ceresin wax volume.

Dimensions of the plate being produced are 200 x 40x 3 mm. The volume of the plate is
as follows:

V=200 * 40* 3 = 24 000 mm>=24 ml
Let’s assume that fiber volume fraction would be 60%. Then the volume of resin
necessary for plate production would be

V. ~(24-24%0,6) = 9,6 ml

We multiply this value by safety coefficient &=2, because an excess of resin will get away
via a drain channel and a lack of resin may lead to the experiment failing.

The coefficient of thermal expansion of Ceresin 100 is 8%. Volume of ceresin wax
needed to push out necessary amount of resin is calculated as follows

Vi=(V:*k)/6 = (24-24*0,6) * 2/0,08 = 240 ml,
where V' is the required resin volume, £ is the safety coefficient and 6 s the coefficient of

thermal expansion of Ceresin 100. Taking calculated parameters into consideration, a 3D
model of a tooling was designed (Figure 3).

CAVITY FOR A PREFORM

MEMBRAINE

DRAIN OUTLET

CAVITY FOR CERESIN
OPENING FOR CERESIN FEED

Figure 2: Model of RTM Tooling.
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A few samples with stable dimensions were produced from carbon and RTM6 resin using
this tooling. The thickness error is below 0,1 mm. A possibility to use this technology within
an education and training complex for polymer composite parts manufacturing was proved
experimentally.

3 EDUCATION AND TRAINING COMPLEX

Training is based on the production of various objects that present practical interest and
visualization, including sports inventory, parts of transports and daily objects.

Basic objects are ready-to-use tooling for the production of the following:

1. Small-scale individual parts.

2. Pieces of sports inventory.

3. Parts of small-scale unmanned aircraft.

The complex consists of a few units. Each unit simulates processes and working methods.
Cost and safety-wise, the equipment in the units is adapted to the educational process.

Taking into consideration the sequence of the processes, the main units of the complex
are:
A table for cutting materials, equipped with electrical scissors and templates.
Molds for dry material layup to create a preform.
Contact molding unit.
Infusion machine and materials for technological package.
Patented tooling for modified RTM.
Oven or infrared lamps for curing under vacuum and temperature application.
Units for structures treatment equipped with jigger and grinding instruments to adjust
the structure as well as scales and instrumentation for geometry control.
8. A multimedia unit.
Figure 4 demonstrates the visualization of the units.

NN R WD =
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Figure 3: Model of Education and Training Complex.

The education and training complex has the following methodology materials:

1. A book about the basics of composite materials science, areas of application and
composites processing.

2. Two-part practical manual: first part includes information about the complex,
equipment and has a route operation process for part production; second part is a computer
file with animation of operations.

3. A book of tasks for the students to choose a process and equipment for production of
different composite parts and structures.

The engineering part of the process includes calculation and research to develop and
determine process parameters and equipment. Those are:

1. Research and selection of composite material components that provide required
mechanical and other properties of the part.

2. Calculation and optimization of layout for preforms of complex parts.

3. Calculation of the number of mono-layers in the part.

4. Selection of materials used in molding process.

5. Assessment of mold and structure compatibility based on coefficients of linear thermal
expansion.

6. Calculation of injection and vacuum feed points for infusion and RTM.

7. Selection of the ways and means to control geometry and mechanical properties of
composite parts.

8. Projects dedicated to the selection of equipment for production of new parts based on

51



Valentin I. Khaliulin, Leonid P. Shabalin, Vladimir V. Batrakov

suggested production processes.

9. Preparation of reports.

It is assumed that the students will prepare an essay, entitled ‘Selection and justification of
a process’, for certain structures, selected from the book of tasks by the teacher.

4 SUMMARY

An education and training complex for production of polymer composite parts by contact
molding, vacuum infusion and modified RTM using tooling with integrated resin injection
system is developed within the scope of this research.

The tooling with integrated resin injection system is developed for resin transfer molding
of composite parts without a need for an expensive injection machine. This solution provides
a financially available method to teach basic principles of RTM with an innovative approach.
This technology is cost-effective when it comes to small-scale production of prototyping
using RTM.

The education and training complex aims to:

1. Teach students of innovative creativity centers, magnet schools, vocational schools
and professional training classes in the industry, the basics of composite parts
production.

2. Conduct mobile and stationary master-classes and demonstrations.

3. Establish small-scale production and prototyping facilities.
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Abstract. This paper describes a number of aspects related to the recovery of individual
elements of the launch vehicle. It also takes into consideration the economic feasibility of the
operation. It emphasizes the importance of the influence factor of series production to assess
the effectiveness of the use of reusable elements. To this purpose, the model used by the
competitive environment in which the product competes with its analog counterpart upgraded
with finite capacity on the market.

1. Introduction

The choice of recovery of worked-out components of a launch vehicle (LV) represents a
compromise between the economic feasibility and technical capabilities. Against a
background of variety in the design and configuration of LVs, it is the cost of technical means
and actions for recovery that causes us to consider a question on practicability to recover
separate valuable components of an LV instead of the traditional recovery of stages and
blocks. Three known ways of recovery correspond to the traditional LV division into stages
and blocks: by launching over wings, by means of parachute, and landing on jet engines. The
life cycle of the block reuse includes work on its restoration. This circumstance is
significantly reflected in a choice of components which are reasonable to keep for further use.
For example, the cryogenic fuel tanks are considered to be the most expensive LV
components, about $30 million (1990 prices) is the cost of a liquid hydrogen tank from the
Space Shuttle system, (LWT model) and $33.5 million for SLWT[1] model. From this
perspective, the recovery of cryogenic fuel tanks looks justified. On the other hand, the
restoration of cryogenic fuel tank requires the elimination of peelings of the internal
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heat-insulating coating which is a time-consuming operation. The recovery and restoration of
SRM (SRB) and RSRM accelerators for the Space Shuttles are less expensive in relation to
technological advances - the cost of manufacturing two accelerators was $64 million in 1983,
but was estimated at $25 million in the 1990s [1]. In this regard, the various projects related to
recovery of blocks "Ts" of "Energy" LV over the wings [2, 3] probably had high economic
risks. It is possible to reduce these risks in some cases due to refusal of recovery of large
rocket blocks by increasing the profitability of LV at the expense of reuse of separate LV
components.

Strategy

It is necessary to note that the concept of profitability in relation to such a specific branch
as rocket production requires a certain specification. The volume of production of serial
products is defined not only by the cost and the quality of the product, but also by
countermeasures of competitors. Therefore, the total efficiency of an L'V as a product depends
also on its compliance with the current state of the market.

Special characteristics of this market are as follows; first of all, the LVs fall into obviously
expressed classes by tasks and masses of useful load. Secondly: in general, not more than 2
enterprises are involved in each class of LV. Under these conditions, there can be adequate
assessment of LV profitability on the basis of the market duopoly model, as shown in [4, 5
and 6].

Let us describe the main ideas of this approach. According to [4], the functions of
demand for LV options are described by the linear model of the differentiated duopoly:

q:(w,p) = qo + afw; — bPw, _afp1+bfpz (1)
q2(w,p) = qo + afw; — bYwy — aé’pz + bfpl.

Here: g, —is the costs market capacity, the cost of i-Type LV, LV reliability of i-Type
option, the factors pia?’,b{",af, bip —are the sensitivity parameters of demand function in
relation to the cost and reliability of the products [6].

In this model, the balanced cost and balanced reliability correspond to the case of demand
and supply equilibrium. Product reliability is considered as the product cost control method.
Then, y —is the initial price of product release at initial level of reliability, and price velocity at
reliability change. - w;.

Transition to repeated use of separate LV components—the catapult launching of control
blocks, fuel tank or engines will be the following logical step after recovery of LV blocks.
The exact choice of components depends on the particular LV type.

Let us apply the above described model for assessment of efficiency of LV components
recovery. Then, instead of the competitive product, it is necessary to consider the same LV,
but with separate, multiple-use components (option 1 - LV without recovery, option 2 — LV
with reusable components). The type of component chosen for recovery is not specified yet.

The LV cost in the initial model was taken as equal to [6]:
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In this model, the balanced cost and balanced reliability correspond to the supply and
demand equilibrium. Product reliability is considered as the product cost control method.
Then, y —is the initial price of product release at initial level of reliability, and price velocity at
reliability change. - w;.

Transition to repeated use of separate LV components: catapult launching of control
blocks, fuel tank or engines will be the logical step following recovery of the LV blocks. The
exact choice of components depends on the particular LV type.

Let us apply the above described model for assessing the efficiency of LV components
recovery. Then, instead of the competitive product, it is necessary to consider the same LV,
but with multiple use of separate components (option 1 - LV without recovery, option 2 — LV
with reusable components). The type of components chosen for recovery is not specified yet.

The LV cost in the initial model was taken as equal to [6]:

pi =pio tyw;, =12 (2)
2.1. Let us introduce the following notations:
A, =af — yaf (3)
D; =y(qo — a¥'pio + b pjo) + Piodi
B; = b{’ —yb}
i=1,2 i#j,

The following expressions are developed for the values of equilibrium reliability

o 2Aiiemnr (4b)

w =
27 y(4414,-B1By)
Expression (2) should be corrected for this case by presenting the initial cost in the form
of costs, amount of recovered component, and remaining part of construction:
P1 = Ppic + pe +yo? (5)

Assume that LV modernization cost is F, and recovery component modernization cost Apg,
then:

P, =pic+HE+

Where N is the use ratio of recovery component. Therefore:

App — (N = Dp
Apo =pao —P1o =E + 2 N = (7)
The difference in the options cost:
Ap =p; —p1 = Apg +y(@3 — @?). (8)
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In contrast to model [6] where the LVs of different manufacturers are in competition, in
our case the options of one type of LV are compared with and without a system of component
recovery. Then:

{ A,=A,=4, B, =B,=B, D,=D+AD 9)
a

p_ D _ W _ a0 0 LY _ KW _ [ P _ b _
T =a, =ab,af =af =a®, by = by =b®, b, =b, = bP,

Under the market equilibrium conditions, respectively:

AD (10)

w) — ) = m
By applying (3) we shall find:
AD = (A —y(a? + bP))Ap, (11)
Let us find the change in cost (8). Considering (7):
Ap = {1 G bp)} (E L Aps - (V- 1)pE) (12)
(2A+ B) N

This model can be considered as the cost estimation only without detailed analysis of
particular LV technical characteristics. Let us, in this approximation, consider the effect from
the introduction of a system of components recovery using the numeric values developed in [6]
based on sales market analysis:

ap=23-10_6ﬂ a® = 4 unit b® = 2 unit bp=111-10_6ﬂ y=2-10°
) USD‘ ) ) ) USD‘

Judging from the figures given in [6], the question is likely about an LV of the Soyuz
Class. In contrast to [6], the cost here is expressed in $USD as the unit of currency. Assume
that the resource of reusable components is equal to N. Then, the difference in price for a
series of N products is as follows:

AQ(N) = NAp = 6,286 (NE + Ap; — (N — 1)p;) (13)

Let us see the numerical example. If an RD-180 engine is the recovery component, then its
estimated cost is $11 million USD. At the use ratio of N = 4 engine and recovery system cost
estimation E = 0,36pg, Apy = 0,4pg, the cost-cutting of series will be AQ(N) = 12mun.
$USD. This is approximately equivalent to 6% of the series cost, where the LV prime cost is
$50 million USD.

The earned value is sufficiently sizeable to warrant consideration of the options of
possible schemes of engine recovery.

Demonstration

It is expedient to start consideration with the 1st stage engine unit as it is the most
powerful in the LV, and its cost makes up an essential part of the whole stage cost. An engine
recovery system can be defined in many respects by using the reserves which were already
used or offered in the open press by the ways and components.

Fig.1 demonstrates the power scheme of the rocket engine gimbal. The engine thrust is
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transmitted through the truss elements [2] to the power belt which is a part of the LV.

To impliment the engine recovery system, it is suggested to insert an engine strong-ring to
which the containers with parachutes are attached (Fig.1b). The engine is rigidly connected
with the strong-ring through the truss gimbals.

In the course of recovery, the engine is blasted-off the LV at the point of contact of the

strong-ring with the LV power belt. Engine stabilization and braking is provided by extraction
parachutes. Deployment of the main parachute of 4360 sq.m in area takes place after the
achievement of acceptable values of horizontal and vertical speed to provide a landing speed
of 5-7m/s for the 7.3t weight of the engine assembly.
Characteristics of parachute system can be estimated by analysis of the existing parachute
systems intended for landing freight which is of a similar weight, for example, the PBS-915
system ("Shelf-1"). At the same time, a cycle of operation and design of a parachute system
for engine recovery has to consider a significantly high stabilization parachute-opening
altitude and, therefore, more time of super aerodynamic flight, as well as the increased loads
during the main parachute-opening phase.

NS/

Ty

a) non-blast off engine b) recovery engine
1 — LV bottom power belt, 2 — Truss elements of engine suspension,
3 — Engine strong-ring, 4 — Chute boots

Fig 1. Types of engine power connection with LV

A parachute system specially oriented towards LV components recovery is suggested in
[7]. The weight of parachute itself should not exceed 160 kg. The refractory fabric and carbon
materials for the parachute canopy and shroud lines are widely used in this product. This
option provides the arrangement of three similar chute boots, each of which 1s designed for
placement of the main and extraction (stabilizing) parachutes - 4 (see Fig. 2).
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P 1 ;
g g - $o o 2
3 ——— - -
4 :
1 — Disconnect assembly, 2 — LV bottom power belt, 3 — Engine strong-ring,

4 — Chute boots, 5 —Pyro-cutters, 6 — Cablings,
7 — Pneumatic and hydraulic circuits.

Fig 2. Location of payload disconnect assembly and chute boots.

A disconnect assembly is provided for instantaneous disconnection of cable, pneumatic
and hydraulic circuits. This assembly is located in the internal circle of LV power belt (Fig. 2).
There are various options for disconnection of cables, pneumatic and hydraulic lines.
Separation joints are suggested for the use in some of them (e.g., see [8]). Where there is a
high risk of loss of tightness by such joints, it is possible to use pyro-cutters for cutting of
cable and tube joints. These devices are located in the disconnect assembly - 1 (Fig. 2).
During post-flight maintenance of the engine, the cut cables and lines are to be disconnected -
9 (Fig. 3).

The engine strong-ring and power belt of the LV are fastened by pyro-bolts. Such
connection provides longitudinal and lateral stiffness of connection of LV engine and
construction within the launching phase of lifecycle. At the same time, this device provides
longitudinally free movement at engine separation. The design transversal strength of the
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pyro-bolts system should be determined based on shearing force occurring during the engine
rocks and burns. The value of transverse shearing force may be estimated from the top as
thrust vector projection on the strong-ring plane at maximum engine rocking angle. For
RD-180 (angle of deviationF7°, sea-level thrust — 390 t/s) this estimation gives 47 t/s
considering the reliability factor (1, 3) — 61 t/s.

Engine is mounted on truss absorbers located in the skirt bottom (Fig. 3). The trusses
undergo deformation when contacting the truss surface by absorbing the shock energy, and
thus reducing overload. Another functional use of the skirt is the provision of engine stability
whilst landing. A sufficiently large area of skirt base ensures stall protection.

The above is an estimation of parameters of a recovery system by comparison with the
existing parachute systems designed for landing of military hardware. The upper estimate of
the weight of the system includes the weight of parachute sections, parachutes, automatic
controls and skirt with absorbers, and should not exceed 1500 kg.

1- Engine strong-ring, 2 — Engine suspension
trusses, 3 — L'V power belt, 4 — Disconnect
assembly, 5 — Pyro-cutters, 6 — Pyro-bolts, 7 —
Pneumatic and hydraulic circuits, 8 — Cables,
9 — Joints, 10 - Skirt, 11 — Skirt absorber, 12 —
Nozzle jet tison,

13 — Chute boots

Fig 3. Engine recovery configuration

Let us estimate the value of impact of the LV mass increase on payload mass due to fitting
the recovery system. Launching mass of primary rocket is equal to:
N

my = Z(ml + mfl) + mpl
i=1
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where: m; dry mass of i-st stage, m; fuel mass (i-st stage), m,; payload mass.
After modification:

my = mg + Amy +my, (14)

Where Amg stage mass gain due to arrangement of recovery system, m, new
payloadmass.
Efficiency of the LV may be described by the following criterion:
_ o 15
o= (15)
According to this critereon, [10] can be served as the objective function of approximate
optimization of LV original mass. Let us consider the 2-stage LV within-line staging

arrangement and oxygen-kerosene engines on both stages. One engine is installed on each
stage. Let’s insert the parameters according to [10, 11]:

My 16
x; = 2L (16)
mpl
and stages structural parameters:
m; 17
§ = — (17)
m; — Mg

By inserting the notations:

The condition of optimal selection of masses of stages may be written as follows (see [10]):
ﬂo = 1 + ﬁlxl + ﬂzxz - min (18)

(19)

1481 x1+B2% w-In 1+ 85,
1+(B1—1)x1+B2x2 2 14 (B x, T

Where V' is the characteristic velocity.

Definition of payload mass of the upgraded product may be made on a direct basis by
solving the optimization problem (18-19), where (18) plays the role of the objective function
reaching the minimum under condition (19).

The results of the numerical calculation for a payload of 8 ton and an engine with
characteristics comparable with RD-180 are given in Table 1 below:

V —wqln
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Table 1. Mass characteristics of 2-stage LV

mo(T.) mq(t.) mo(T.) Myr(T.) Myo(T.) My (T.) Amg (T.)

320 260 60 235 49 8 1,5

Let us define the losses in payload mass associated with the increase in the 1st stage mass
due to arrangement of engine recovery system. After upgrading the LV and fitting it with the
recovery system, the mass of the 1st stage (with engine) will be increased by Am; =
1500kr. (ratio of engine mass to the mass of the 1st stage is of small value). Variation of
objective function:

8o = B16x1 + x16B1 + %265, (20)

It depends on change in structural parameter S;, which is subject to vary with the mass

growth of the st stage engine. The calculation demonstrates the decrease in payload mass by
54 kg.

OUTCOMES

Calculations carried out for the two step carrier (see Table 1) indicate potential for saving
the RD-180 engine with the help of a parachute system. The weight increase of the first stage
by equipping rescue system is estimated at 1500 kg (max). The compensating loss of payload
is 54kg. The cost per kilogram of payload is averaged at $5,000, so the loss of 54kg of
payload correlates to a loss of $270,000 per flight. The decrease in the value of the series will
be $12 million (USD). This represents about 6% of the value of the series at a cost of $50
million (USD).

Conclusions

Thus, we can see that the salvation of the individual elements of RN possible can lead to
increased efficiency in the RN series of launches. At the same time the necessary components
and elements individually have long been used in space activities.

Finally, to clarify this issue as possible after a special study that will show the costs of
research and development work on the creation of rescue system.
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Abstract. The paper considers the system of additional education and preparation of foreign
students’ bachelor’s theses at Samara University. The peculiarity of the system is to carry out
research projects within the international group of students.

1 Introduction

Samara University (Samara State Aerospace University named after S.P. Korolev until
2016) has a long experience with foreign students in the field of preparation work for
diplomas, and close collaboration with Beijing Institute of Technology (BIT) in this area has
been conducted since 1999. During this time, about 70 students have received training and
carried out bachelor’s graduate work. The topics and organization of these dissertations have
been continuously improved. Execution of group graduate projects in small international
teams has been practiced since 2014.

The practice of group diploma design is not new and this method of final training for
specialists has been used in the education process at Samara University for a long time. The
idea of executing diploma projects in international students' groups has been repeatedly
discussed at European Workshop on Aircraft Design Education (EWADE) as one of the most
efficient organization forms of training for specialists in Aircraft Design. A student’s team
typically includes a chief designer, specialists in aerodynamics, strength, technology and other
disciplines. The project group brings the process of task elaboration either to the model,
which can be used for aerodynamic tests, or even to manufacturing of a flight sample. The
system has many positive features. It motivates the interest during the design activity,
provides the skills of work organization, and more. However, such training is not always
possible. It requires considerable calendar time to create a group, as well as significantly more
time to consult with supervisors.

In the established practice of Samara University and BIT collaboration, the preparation
of Bachelor’s diploma projects occurs in the spring semester over four months. Under these
conditions, the creation of small research groups consisting of several Russian and foreign
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students is accepted as the main form of diploma theses execution. The last two releases of
Bachelor’s in Aircraft Engineering have shown outstanding efficiency of the student’s group
research work. Let us consider some organization features of such work which were
developed during the previous cohorts.

2 General Work Plan

2.1 The adaptation period lasts for first two weeks. During this time, the students
settle into the University campus. They get acquainted with life organization: the location of
the nearest shops, canteen, banks, transport, mobile connection, medical insurance, etc.

On the second day after their arrival, an organization meeting is carried out. The
students get acquainted with the supervisors of the chosen topic. Those students from Samara
University, who want to work in an international team and have an appropriate level of
English, are also invited to the meeting. The meeting outcome is the formation of
international creative teams, which work on a specific topic.

During the following days, foreign students get acquainted with the laboratories of the
Aircraft Design Department. Classes on clarifying the English terms that are used in aviation
technology and the system of acronyms accepted in international practice are held. Teachers
spend an interview on the basics of aerodynamics (physical and virtual simulation
experiment), on the basics of structural mechanics and finite-element method in order to
identify the need for additional training and recruitment of additional literature on these
subjects. Every day, students have practical classes and consulting on Russian language.

2.2 Preparation of Diploma Project

2.2.1 Topics of graduate projects
Selection of topics is one of the key issues, and one which should ensure a high
learning effect from the final qualifying work. The topic should encourage students’ self-
educational activity in a particular direction. It should be conversant with the advanced
achievements of the University in this area. In addition, the set of topics should be sufficiently
varied to prepare highly qualified specialists in the different areas of Aeronautic sciences:
aerodynamics, structural strength, conceptual design, composite materials and structures.
Topics of graduate projects are developed and coordinated with the University-partner in
advance. The depth of elaboration within the topic is confirmed during the work
implementation phase.
For instance, following are the topics of BIT students’ research projects, from Samara
University in 2015 and 2016:
1) Design of Training Aircraft
2) Design of an Aircraft for Local Airlines
3) Aerodynamic Characteristics of Variable Aspect Ratio Wings
4) Structural Design of High-Loaded Parts
5) Calculations of Aerodynamic Loads on Aircraft Wing Spoiler
6) Calculation of Aerodynamic Characteristics of Transport Aircraft

64



Valery Komarov, Liudmila Odintsova, Svetlana Pavlova

7) Optimization of Wings for Passenger Aircraft

8) Mathematical modeling of stress-strain state of wing panel made of composite
materials during its production process

9) Designing of strong aircraft frames

10) Aircraft with great flight duration

11) Cargo and passenger aircraft for regional transportation

12) Development of equipment for testing curved beam and tube structural elements made
from composite materials

13) Experimental study of aerodynamic characteristics of a wing with a spoiler

14) Mathematical modeling of wing aerodynamics taking into account its deformations

15) Research of the ground effect influence on the aerodynamic characteristics of a wing
with low aspect ratio

2.2.2 Organization of work performance

The Aircraft Design Department has a special classroom, which is available from 8.00
to 20.00 to ensure comfortable operation of the international groups. There are Internet
access, multimedia tools and the possibility of coffee breaks. In this classroom, supervisors
consult students at least twice a week. All project participants can take part in the
consultations. The practice of the last two years has shown that it is effective to involve
undergraduates.

Implementation of research work is conducted strictly according to the schedule and
often with an over-fulfillment of the amount of planned research. For instance, student ZANG
Yue who carried out a project about the designing of a strong aircraft frame expressed the
wish to additionally explore the problems of using composite materials in aeronautic
engineering.

In mid-April (the first half of term), all students usually make a detailed presentation
about the work done thus far. This allows control of the projects performance according to the
schedule. Discussions clarifying tasks and the scope of works are held during these
presentations.

At the end of student’s stay at Samara University, a pre-defense of the final graduate
projects is held. As the result, an evaluation of the presented project will be conducted and the
supervisor will write a review about students’ work throughout the internship.

The official defense is carried out at the students' home universities.
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Figure 1: BIT graduates after defense
2.2.3 Material base
The Aircraft Design Department of Samara University has a unique material base. It
includes the laboratory of aircraft structures where an extensive collection of aircraft and units
of various countries and epochs is presented (more than 100 exhibits). The exhibits allow to
see in practice the basic designing and technological solutions used in aircraft design.

: L | :
Figure2: Classes in the Aircraft Structures Lab

During the internship, students attend the aerodynamic laboratory where they perform
a number of practical tasks using an aerodynamic tube.

An operating model of a Tu-154 is presented in the aircraft equipment laboratory.
Here students are acquainted with the electrical and radio equipment of the aircraft and its
main onboard systems.

In the composite materials and structures laboratory, students study manufacturing
technologies, existing standards, and testing processes of composite materials. Students have
an opportunity to make composite samples using vacuum infusion technology and carry out
their testing.
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)

Figure4: Making samples in C:)mposite Materials Lab

2.2.4 The methodological and information support

All research topics are provided with English-language scientific and technical
literature in the form of original books and Internet links to the necessary literature.

The training manual “Aircraft Conceptual Design™ was prepared in English especially
for foreign students. It reflects the long experience of teaching this discipline in Samara
University. It also allows students to gain insight about all kinds of design work, from the
selection of aircraft shape, up to calculation of its weight characteristics within a reasonable
time. The work ends with the drawing of the general view of the aircraft and its main
technical characteristics.

Students have access to the electronic recourses of Samara University Library and
have an opportunity to work with a wide range of licensed software: STAR-CD, NASTRAN,
ANSYS, AAA (Advanced Aircraft Analysis), CATIA, Creo-Element, etc.

2.2.5 Student’s timeframes

Training classes:

Hours
1  Introduction to aviation science and technology 6
2 Basics of aerodynamics 12
3 Basics of aircraft construction 12
4  Computing system NASTRAN 12
5 Computing system ANSYS 12
6 Computing system STAR-CCM+ 8
7  Acquaintance with laboratory of aircraft structures 4
8 Acquaintance with aerodynamics laboratory 4
9  Acquaintance with aircraft equipment laboratory 4
10 Acquaintance with composite materials and structures laboratory 4
11 Individual work with literature 66
Total: 144

Implementation of qualifying work is 456 hours, including 50 hours of consultations
with the supervisors.
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3 The language selection for business communication

In our opinion, it is appropriate to use English as the business language in the
international teams on engineering in the present conditions. However, there are no strict
requirements on the level of language knowledge.

Our experience shows that both the Chinese and Russian students have certain
language difficulties at the beginning. The student’s daily communication in English allows
the language barrier to be overcome very quickly, and students begin to communicate more
confidently, they clearly formulate their thoughts and progress together in the use of English.

We consider this to be an important effect of working in the international group.

4 Cultural program

The cultural program, which involves the entire international group, promotes a rapid
adaptation and development of communication skills. Samara University students give a city-
tour for BIT students with a visit to popular Samara sights. Among others, the group visits the
beautiful Volga River embankment stretching over 5 km. A cruise along the Volga by ship
shows the students the most beautiful places of the Samara region.

The cultural program usually includes a visit to the Philharmonic Hall, the Opera and
the Ballet Theatre. All this allows foreign students to get acquainted with Russian culture and
traditions. The visit to the aviation and space technology museum, as well as the unique
museum of aircraft engines can be referred to in the cultural program. During the May
holidays, Chinese students usually go to St. Petersburg and Moscow.
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Conclusion

Samara University's well-developed system for the preparation of Bachelor’s
qualifying projects in international teams has shown great advantages compared with the
traditional system of individual graduate work:

1. The transition period when students adapt to the life and conditions of a foreign
culture, education system and language, becomes shorter and easier.

2. The research activity involving all of the partnership participants, motivates and
activates both supervisors and students.

3. The joint work of a large team promotes the expansion of future specialists’
technical and cultural outlook.

4. Youth exchange contributes to the establishment of friendly relations between
students and universities of different countries.
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Abstract. This paper shares the experiences of teaching the principles of aircraft design to a
group of undergraduate students by assigning “design-build-fly” (DBF) type projects related
to Lighter-Than-Air (LTA) systems. In a classical aircraft design course, students are
generally made to carry out a paper design of an aircraft that meets some user-specified and
regulatory requirements. In some cases, such projects are of DBF type, and mostly related to
Gliders, Quadcopters, or UAVs. While this approach has its own merits, one of the key
limitations is that success in accomplishing such tasks requires good piloting and/or
aeromodelling skills. It’s quite common for student teams to spend many hours in fabricating
an aircraft that they have designed, and only a few minutes in breaking it beyond any repair!
LTA systems, on the other hand, are quite forgiving and robust, and often pose far greater
challenges in sizing, fabrication, system integration and flight testing compared to their
heavier-than-air counterparts. This paper provides many examples of such projects
successfully completed by student teams, and presents a case for including L.TA systems based
DBF project to undergraduate students of aerospace engineering.

1 INTRODUCTION

The subject of Aircraft Design is part of the core curriculum in most universities around the
world, which run an undergraduate (UG) degree specialization in Aeronautical and/or
Aerospace Engineering. Many of these universities teach this subject in a “hands-on” mode,
either partially, or fully. In some universities (e.g., at NTU Singapore), the students are divided
into teams, and each team is given the task of carrying out a conceptual design of an aircraft
meeting some specified requirements, on paper (or, more appropriately, a computer), over a
semester. The faculty member(s) that conduct this course try to impart the “design knowledge”
via some lectures, instructions and reviews of the design that the various teams work out.
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In some other universities (e.g., Virginia Tech in USA), the course is spread over two
semesters. In the first semester, primarily, some theoretical and procedural inputs in carrying
out a conceptual design are imparted. During the second semester, the student teams are given
a choice; some go for design-build-fly(DBF) projects (mostly as part of some competition, e.g.,
the AIAA Design Build Fly competition), whereas some others take up computer-based
designs of aircraft that are not amenable to the DBF mode in a university environment, due to
constraints on the facilities and equipment available, and the costs.

The author has been involved in teaching this subject for over two decades at the Aerospace
Engineering Department of IIT Bombay. Over the years, the manner in which this subject is
taught has undergone many changes, some to keep in line with the developments in this field,
but mostly also due to the constraints of non-availability of faculty members with suitable
background and training to handle such a course. In the current avatar, the UG students in the
sixth semester of an eight semester program, undergo a taught course, in which the history,
background, principles, procedures, and special considerations in conceptual design of an
aircraft are imparted, using some examples and case studies. However, engineering design is
best learnt by doing it, and one needs to get their hands dirty to appreciate and develop a
designer’s mind-set, for which the DBF projects come in very handy. Hence, an Aircraft
Design laboratory course is also conducted in the seventh semester. In this, the student cohort
is divided into groups and made to carry out hands-on design projects which aim to create a
physical system meeting certain requirements and expectations. As mentioned above, some
teams may decide to undertake theoretical computer-based design projects, especially if they
want to address some contemporary challenges in Aerospace Engineering or take part in some
competitions, e.g., AIAA Student Individual or Team Design Competitions.

Most of the DBF projects taken up by student teams tend to be related to Gliders or
Remotely Controlled UAVs, the most popular one being Quad- or Multi-copters. One of the
problems that many students encounter when they attempt such DBF projects is lack of past
experience in making things by hand. Part of the blame for this goes to the current UG
engineering education system, in which we are slowly moving away from imparting practical
skills, and focusing more on computer based skills. On the other hand, society in general is also
moving towards more computer (and now hand-phone) based activities, so the students are
naturally more familiar with these systems, rather than the machines used for fabrication, e.g.,
lathe and drilling.

The other problem that novices face is that most aerospace systems are inherently unstable
and complex, and it is not easy to make them crashworthy and robust. Moreover, many
students do not have the necessary piloting skills and experience in safely operating an
aerospace vehicle, and expecting most students to acquire these skills before they attempt an
aircraft design exercise is a tall order. In such a scenario, it is a very common occurrence that a
student team takes, say, five days to fabricate a remotely controlled aircraft or quadrotor, but
just five minutes to break it beyond repair! This leads to a sense of frustration and, in several
cases, demotivates the student cohort enough not to attempt any further work. Further, the
design and fabrication of systems like Quadrotors is mostly driven by Avionics and Control,
and there may be little or no scope for exploring the knowledge gained in subjects like
Aerodynamics (and to some extent Structures) in fabricating such systems.
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This paper shares the experience of the author in teaching design principles and thinking to
teams of UG students, by taking up DBF projects in the field of Lighter-Than-Air (LTA)
systems. The next section provides a brief overview and history of LTA systems, and some
recent developments. Some DBF projects that have been successfully carried out by UG
students and interns are illustrated. Finally, the key challenges and benefits of carrying out
DBF projects in LTA systems are highlighted, and a justification for taking this approach is
provided.

2 LIGHTER-THAN-AIR SYSTEMS

Lighter-than-Air (LTA) systems are aeronautical systems that derive most of their lifting force
to overcome gravity by the principle of buoyancy. This is in direct contrast to Heavier than Air
(HTA) aeronautical systems, which use motion relative to the ambient air for generating the
aerodynamic forces to overcome gravity. The predominant lift-generating component of an HTA
system is its wing or rotors, while that of an LTA system is an envelope filled with an LTA gas,
e.g., Helium or Hydrogen. The difterence in weight of the air displaced by the envelope and the
LTA gas filled within results in buoyant force. The Net Lift L, of an LTA system can be
calculated using Eqn. 1:

Lnet = Venv(pa = pg) (1)
Where V.= envelope volume,and p,, peare densities of ambient air & LTA gas, respectively.

LTA systems can be broadly classified into three main categories, viz., Balloons, Airships and
Aerostats. Balloons normally uses hot air or LTA gas to generate lift, and are mostly spherical or
teardrop in shape, with no propulsive system. Airships consist of an aerodynamically shaped
envelope and are fitted with a propulsive device for providing forward motion, and a flight control
system to provide directional stability and control. Aerostats, on the other hand, are designed to
remain stationary; they consist of an aerodynamically shaped envelope tethered to the ground.
Adequately sized fins are mounted on the envelope to allow the envelope to weathercock and
provide stability. Fig. 1 showcases the three principle types of conventional LTA systems.

Balloon Aerostat Airship
Fig. 1: Three types of conventional Lighter-Than-Air systems
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2.1 History of LTA systems

The history of LTA systems dates back to 220-280 AD when the Kongming lantern became
popular in China. These lanterns used the principle of hot air ballooning for generating lift forces
and remained afloat, illuminating the sky. In 18" century AD, Joseph and Etienne Montgolfier
conducted a series of experiments with hot air balloons and succeeded in the first manned flight in
1783. Around the same time, Jacques Charles and the Robert brothers made the first manned
flight using a hydrogen filled balloon. Numerous experiments were subsequently conducted for
adding power to hot air and gas balloons which evolved into aerodynamically shaped airships.
Balloons have limited applicability for scientific and commercial applications, since they are
totally at the mercy of the ambient wind. Current uses of balloons are limited to collection of
weather related data or hot air ballooning as an adventure sport. The two LTA systems that are
most popular and capable of commercial or scientific exploitation are Aerostats and Airships, and
their historical developments are described in the two sub-sections that follow.

2.1.1 Aerostats

The history of Aerostats in military warfare dates back more than two and half centuries.
Observation balloons and aerostats have been used in battle since the 1790s; their first reported
use was during the French revolution. US military forces have used a network of Tethered
Aerostat Radar Systems (TARS) since December 1980, first to help counter illegal drug
trafficking, then for border protection by keeping a check on illegal immigration, and later for
low-level surveillance coverage for air sovereignty. TARS have also been used very effectively to
support the US military in its operations in Afghanistan in 2001 and Iraq in 2003,

2.1.2 Airships

The “Golden Age of Airships” began in 1900 with the launch of Zeppelin which was named
after Count Ferdinand von Zeppelin. Zeppelin Airships were the most successful airships of all
time and were extensively used for air transportation, as well as bombers during World War L.
The United States and Britain also built several Airships during 1920s and 1930s, for example, R-
33 and USS Shenandoah (ZR-1) respectively, although these mostly imitated the original design
of the Zeppelin. During the 1930s, airships were the luxury liners of the sky, ferrying passengers
across the Atlantic in comfort and style, a far cry from the cramped conditions that the vast
majority of air travelers today are forced to put up with. Today, however, in the minds of the
general public, the very word ‘airship’ today conjures up a vision of a bygone era, and airships
suffer from a connotation of being dangerous and unsafe. This is mainly due to a series of fatal
accidents between 1910 and 1940, which lead to their downfall. The most noteworthy accidents
were the crash of the British airship R/0/ in France and burning of the Hindenburg, the largest
airship ever built, leading to the loss of crew and passengers. After World War 11, Airships were
deemed to be obsolete due to advancements in HTA aircraft technology, and were sent into a
quiet oblivion.
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3 PRESENT DAY LTA SYSTEMS

Today, Aerostats are the aerial platform of choice for long duration surveillance applications,
when the ambient weather conditions are mostly calm or not very disturbed. Due to the
aerodynamically efficient shape of the envelope, as well as provision of adequately sized fins, an
aerostat can be designed to remain fairly steady even in strong ambient wind conditions.
Depending on the payload, range of surveillance, and operational time, these aerostats can be
launched to any desired altitude from a few meters above ground level, to as high as 5000 m
above ground level. Of course, the payload-carrying capacity of an aerostat is reduced as its
operational height is increased. Aerostats can be easily and quickly deployed at high altitudes,
ensuring a long-endurance, and stable surveillance system, with much lower distortion levels.
Once they are deployed, there is very little recurring additional expenditure to keep them afloat,
mostly in the form of small amounts of LTA gas, just to top-up for the leakages through the fabric
over a period of time.

Over the years, technological developments in aerospace engineering have made airships much
safer, chiefly due to the availability of Helium as an inert LTA gas, and much superior material
and control systems. Many researchers today believe that airships present an effective, low-cost,
environment friendly solution for some niche areas of air transportation, such as hauling cargo
over remote locations such as Canada and Alaska. This has spawned many studies and technology
development initiatives worldwide, and it can be said that airships are now undergoing a revival.
Airships can be very effectively used in regions where economic considerations are a key driver
towards solving the transportation problems, especially in providing air transport service to
remote communities. The costs related to setting up and operating the infrastructure required for
operating airships are quite small, compared to that for their heavier-than-air counterparts.
Further, the operating costs of airships can also be quite low, primarily due to their low fuel
consumption.

In recent times, there has been a significant interest to revisit LTA systems, mostly due to their
cost effective and environmentally-friendly deployment for scientific, civil and military
applications [1]. With the advancement of technologies like composite materials, durable fabrics
and techniques of research, and developments like finite element analysis (FEA) for structural
analysis, Computational Fluid Dynamics (CFD), Fluid Structure Interaction (FSI), design
optimization, thermal modeling and automated control, modern Airships and Aerostats are getting
much more refined and safe and hence, are facing a major revival. They are being proposed for a
wide range of applications such as advertising and tourism, surveillance, environmental
monitoring, planetary exploration, heavy-lift cargo transport and telecommunication relays.

IMPORTANCE OF DBF PROJECTS

Many institutions all over the world are attempting to incorporate CDIO (Conceive-
Design- Implement-Operate) strategy in their UG education systems. In 2001, MIT in the
USA took the lead in implementing a CDIO strategy in their UG aerospace engineering
curriculum, by arriving at a statement of goals for engineering education. This strategy was
updated a decade later in 2011 [2]. DBF projects are an integral component of a CDIO based
education strategy in any aeronautical department, and their successful implementation in the
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MIT curriculum has been explained by Young et al. [3].

There is a general misconception that implementing a CDIO strategy in UG teaching
needs huge amount of resources, and results in much higher operating expenses. In 2003, MIT
and three leading universities in Sweden developed a survey that allows an engineering school
to benchmark curricula for teaching personal, interpersonal and system building skills, all of
which are enumerated in a CDIO syllabus, and all of which are required in a well-rounded
aerospace engineer. The results of this survey indicated that no additional resources are
needed in following a CDIO approach in UG teaching; it is enough to simply follow a
consistent and deliberately designed syllabus [4].

MIT was also the first institution to implement Lighter-Than-Air systems-based DBF
projects as part of their curriculum in the freshman year. This exercise has been described in
detail by Newman [5], in which she mentions that the lighter-than-air vehicle design
competition provides an opportunity to apply the fundamental concepts and approaches of
aerospace engineering in the context of the design. This opinion is totally supported by the
experience of this author, as described in the next section.

4 DBF PROJECTS ON LTA SYSTEMS AT IIT BOMBAY

In 2001, the Program for Airship Design and Development (PADD) was launched at IIT
Bombay, with team members drawn from various national aerospace organizations and
private sector companies in India. One of the objectives of PADD was to get updated with the
global developments in Lighter-Than-Air (LTA) technology. In the first phase of PADD,
techno-economic feasibility of leasing airships for transportation of goods and passengers
over mountainous terrain under 'hot and high' conditions in India was investigated. As an
offshoot of the PADD program, a Lighter-Than-Air Systems Laboratory was set up in IIT
Bombay in 2004.

One of the key outcomes of PADD was the development of a methodology for the design
of a non-rigid airship. By using this methodology, one can arrive at the baseline specifications
of a non-rigid airship that meets user-specified requirements [6]. The methodology estimates
the envelope volume required to carry a user-specified payload and also arrives at the mass
breakdown and performance estimates of the various components. Alternatively the payload
that can be carried by an airship of specified envelope volume can also be estimated.

4.1 Outdoor Remotely Controlled Airships

The first DBF project to be implemented in LTA laboratory was an outdoor remotely
controlled non-rigid airship in 2002, named AMICRO [7], in which the abovementioned
methodology was modified for carrying out sizing and baseline design calculations of a
remotely controlled airship. The design requirements specified for MICRO were very modest;
it was required to have a payload capacity of 1.0 kg, while operating at a maximum speed of
30 kmph for 20 minutes, using an existing IC engine developing 0.41 BHP. Due to constraints
on storage space, it was required to be less than 5.00 m in length. An extended version of the
MICRQO, named MINI, was developed in 2003, with an increased payload capacity of 3.0 kg
[8]. In 2009, an outdoor airship named MACRO was developed for snow cover evaluation of
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lower Himalayas [9]. Recently, a remotely controlled airship named AUTON has been
developed and flight tested. This airship was meant to act as a test platform for an outdoor

autonomous airship [10]. Fig. 2 shows the photographs of these four airships. Their key
parameters are listed in Table 1.

G

~ MICRO[7] MINI [8] MACRO [9] AUTONT10]
Fig. 2: Outdoor airships designed and developed at LTA Systems Laboratory of [IT Bombay
Year of development — | 2002 2003 2009 2013
Parameter | MICRO | MINI | MACRO | AUTON
Length (m) 4.99 6.42 8.00 8.00
Envelope Volume (m’) 6.8 8.6 26.6 24.7
Payload (kg) 1.0 3.0 6.0 15.8
Endurance (min) 15 18 25 30
Max. Speed (m/s) 7 10 12 15
Engine Power (HP) 0.41 0.60 20| T=6kg

Table 1: Key parameters of outdoor airships

4.2 Indoor Remotely Controlled Airships

Since 2004, several indoor airships have also been developed by students as part of DBF
projects. The envelope profile of these airships vary from Oblate Spheroid, Zhiyuan, and
NPL. A biomimetic airship was also developed, which mimics the motion of a Rainbow Trout
fish. The photographs of four such airships are shown in Fig. 3.

D

OSIRCA [11] Biomimetic[14]

Black Beauty|12]
Fig. 3: Indoor airships designed and developed at LTA Systems Laboratory of [IT Bombay

NPL[13]

4.3 Tethered Aerostat Systems

Two tethered aerostat systems have also been developed as DBF projects. The first project
was to demonstrate aerostats as a relocatable aerial platform for providing communications in
remote areas during emergencies. Two field trials were conducted in 2007, in which the
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efficacy of the system was established for wireless data and voice communications over a
radius of ~ 10 km [15]. In 2014, a tethered aerostat system for aerial surveillance in a college
campus was also developed and successfully field tested [16]. Fig. 4 shows photographs of
these two systems.

Wireless Communication[15] Aerial Surveillance [16]
Fig. 4: Two tethered aerostat systems developed under DBF projects

S CHALLENGES AND BENEFITS OF LTA DBF PROJECTS

DBF projects in LTA systems offer several interesting design challenges in terms of
weight management, envelope fabrication techniques, and the need for ground support
systems. These projects also impose many constraints, for example, the cost and availability
of LTA gas, and the larger space needed to operate the system and then store it when not in
use. One major constraint, especially in outdoor LTA systems, is the issue of operational
safety in case of system failure; if the system goes out of control, it could possibly drift into
controlled airspace and cause interference with commercial or general air traffic! LTA
systems are very robust and do not easily get damaged when mishandled. Since airships
operate at low speed and are bulky, they respond slowly to control inputs, so students can
quickly learn to fly them. Aerostats completely remove the need for piloting skills, although
they need a winching and mooring system to operate them.

During the last decade and a half, the supervising teams of UG students for several DBF
projects reported that none of the systems were lost, or suffered any catastrophic failure
during deployment or testing. While carrying out these projects, students have experimented
and solved several design and operational problems, which has made their experience quite
enriching. It has also encouraged them to think of novel approaches and learn to tackle new
problems. Once such example is the design and field testing of an on-board mounted device
for safe recovery of payload in case an aerostat tether is accidentally severed during
deployment [17-18], design and fabrication of mooring masts for indoor and outdoor airships
[19] and field deployable winch for aerostat are examples of fall-out projects [20].

6 CONCLUSIONS

Based on the experience of over two decades of teaching aerospace design to UG students,
and the reasons mentioned above, it is recommended that DBF projects related to LTA
systems should be included in the syllabus, because they can go a long way in providing an

excellent learning experience, and can inject new ideas into the minds of budding engineers.
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Abstract. This article gives general information about aircraft with Air-Cushion Landing
Gear (ACLG). The ACLG concept exhibits significant and considerable advantages when
comparing the Dingo experimental aircraft, fitted with ACLG, with other types of aircrafft.
Finally, the article provides a potential plan for air traffic networks using ACLG-equipped
aircrafft.

1 INTRODUCTION

Nowadays, there is an important state concern in many countries, and that is to be able to
provide a reliable and economical civil air transport service, both for private enterprise and
individuals, as well as for federal agencies and services. This is particularly true in regions
with poorly-developed airdrome networks or transport systems, as the costs to develop regular
airfields, their infrastructure and their maintenance, are extremely high. One of the more
promising ways to partly or entirely solve these problems is the development of aircraft with
Air-Cushion Landing Gear (ACLG).

Some of the advantages of aircraft fitted with ACLG, relative to other types of aircraft:

1.Capability to take-off and land on different surfaces (ground, snow, water, mixed
surfaces, etc.) regardless of surface firmness, and exceed acceptable ratings for rough landings
on conventional wheeled landing gear by up to 5-10 times;
2.Capability to land on waters of uncertain depths, irrespective of submerged objects,
and come ashore without a concrete slipway;
3. High operational capability to perform regular and various transport tasks with
minimal dependence on weather conditions and aerodrome supply level.
However, the ACLG disadvantages are:
1. Structural complexity;
2. Significant effect on aerodynamics;
3. Higher cost-value compared to wheel landing gear;
4. High maintenance costs.
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We need to determine if the development of ACLG can lead to significant costs
improvements in regions with poorly developed airdrome infrastructure and whether its
support makes economic sense or not. The world’s first experimental aircraft designed with
ACLG, the UT-2, was designed in the USSR in 1940 by N.I. Nadiradze and A.D. Efremov
(Fig.1).

Figure 1: UT-2 with ACLG

Since this first design, there have been around 20 aircraft designed with ACLG, some of
which are shown in Fig.2. The principle and efficiency of ACLG were tested on conventional
wheeled or amphibian aircraft, modified by fitting different air-cushion designs.

T ' ¥

a) Amphibious aircraft Lake-4 with ACLG b) Aircraft with ACLG DHC-5/CC-115«Buffalo»

(Canada TICA 1074N

(Bell Aerospace 1971/USAF 1975-79 Canada, USA)

¢) A L Filimonov Aircraft with ACLG f) O.A. Cheremukhin Light aircraft with ACLG
(Russia, 1993) (Russia, 2000)

Figure 2: The most known models of aircraft with ACLG
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2 ‘DINGO’ EXPERIMENTAL PLANE

In the USSR during the late 1980°s, a conceptual stage of ACLG: the “early alignment
principle” of air-cushion landing gear with a basic aecrodynamic arrangement, was proposed in
order to decrease the negative impact on aerodynamics, as well as procedure and approach.
For aircraft with ACLG, developments were designed considering features of the air-cushion
and its effect on aircraft performance. The mentioned principle allowed cutting weight and
substantial acrodynamic loss, and retaining the high operational performance of the aircraft in
the project. The principles and design procedures of amphibious aircraft were tested on the
Dingo experimental aircraft with ACLG and a range of aircraft and ekranoplanes (ground
effect vehicles: GEVs).

Dingo experimental aircraft were developed under the direction of the author and
designed at the Nizhny Novgorod Aircraft Building Plant, Sokol (Fig. 3). To support the
Dingo program, a significant amount of research was performed (more than 19 models and
cells) i association with TSAGI and other state institutes. The project was successfully
represented within TSAGI’s advanced scientific and technical seminar which recommended
that construction should commence. Experts from the Gromov Flight Research Institute
stressed that in take-off modes, the safety rate of Dingo aircraft with ACLG is around 10-13
times that of helicopters and hydroplanes. With the capability to operate from airdromes, the
Dingo surpasses helicopters in terms of range, speed, economic efficiency and convenience.

- RA- 27[!(]1 2

Figure 3: First experimental flight model of “Dingo” aircraft
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Prime Cost Comparisons

Compared with wheel-chassis aircraft, the prime cost of one Dingo flight hour revealed a
20% deficit. However, the Dingo’s advantage over helicopters and hydroplanes was a 2-3
times improvement (Fig.4.A). Ratings were performed according to standard procedure and
excluded conditions of the regional aerodrome environments, i.e. all aircraft took off from a
concrete runway, flew through the maximal estimated range and returned to the same runway
that they took off from. Prime cost estimation is made dependent on availability and condition
of aerodrome surfaces. In that case, prime cost changes for different types of aircraft
respectively (Fig.4.B). Operation of the Dingo within undeveloped aerodrome environments
surpasses all existing types of aircraft. The economic advantage increases with the total
number of take-offs and landings on natural aerodromes and different-surface grounds per
year.

One flight hour specific ratable prime cost of A - total hour costs of AACLG
different aircraft B - total hour costs of ANTL
(aircraft An-2 - 100%)
378%
300 %
248% A B
200 % 165%
125%
100% -
Aircraft AACLG Helicopters
C-208 Dingo Mi-2 Mi4 Mi-8 0.5 OAl 1,0
A) Comparative prime cost of B) Correlation of operational costs and
"Dingo "AACLG (An-2 - 100%) out-of-airdrome index (OAI)

Figure 4. Comparative economic efficiency of Dingo aircraft

Legend: AACLG — Dingo aircraft, ANTL — aircraft with normal take-off and landing (wheel-
chassis type Cessna Caravan); OAI — out-of-airdrome index — correlation of total amount of take-offs
and landings on natural airdromes and different-surface grounds per year (water, snow, Soil, ice,
swamp, sand) and total amount of take-offs and landings on all types of runway (including made
runway) per year (OAI=0- takeoff only from made runway, OAI=1,0- takeoff only from unequipped,
unpaved, snowed and water grounds).

For instance, considering aircraft operational capabilities in regions of Western Siberia, it
becomes evident that number of sites served by Dingo aircraft is ten times that served by
Pilatus RS-12 aircraft. Fig.5.

It’s known that as flying hours increase, the aircraft’s prime cost becomes significantly lower.

Further research in association with TSAGI proves that as take-off weight increases, the
mass ratio of the air-cushion significantly diminishes, eventually becoming even less than the
wheel-chassis mass. By increasing aerodynamic efficiency, the ACLG-equipped aircraft can
approach the ratings of the best carriers and airliners taking off from a concrete runway.
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Figure 5: Sites approachability comparison for different types of aircraft

3 FURTHER DEVELOPMENT

Project researches were performed on applicability of the “early alignment principle” to
a wide range of aircraft: light training aircraft, heavy carriers, and ekranoplanes (GEVs) with
ACLG. Some of these projects are shown on Fig.6.

a) “Froggy-2" training single-engine aircraft b) Light 20-seat aircraft with ACLG for inner regional
shipment (Skyvan-VP)
~y
~

- ]

¢) “Raketa-2M” civil, all-seasons river d) “Arctica” carrier with fully-retractable ACLG
ckranoplane with ACLG project (110-seat) railing

Figure 6: Amphibious aircraft with ACLG
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Incorporating the use of amphibious aircraft fitted with ACLG will enable the capability to
develop a regular speed transport network, with minimal dependence on weather and climate
conditions, in regions where the costs of developing aerodromes and infrastructure, and their
maintenance, are unreasonable. Furthermore, such a network can be deployed together with
existing river infrastructure, independent of navigable depth and seasonal navigation
restrictions.

In coalition with the experts from TsAGI, the Amphibious Transport Network (ATN) was
proposed for Siberia and the Far East regions of Russia (Fig.7). At the heart of ATN lies the
“transport threader”, which incorporates the Baikal-Amur Mainline railway (BAM). The
BAM runs entirely across Russia from West to East, crossing all of the major rivers
encountered on its meridian route.

It is possible to create twenty-four-hour navigation of those rivers using the ekranoplane
type “Raketa-2M” which has a cruising speed of nearly 200 kmh. The amphibious nature of
the ekranoplane type of aircraft allows them to dock at the riverside stations to board and
deplane passengers. Aircraft with Dingo-type ACLG will be able to connect settlements and
towns lacking airdromes and river stations with major airports and ekranoplane river stations.
Carriers with ACLG can transport supplies to oilrigs, mines and the like, as well as provide
passenger transportation in severe climate conditions and to arctic expeditions. ACLG-
equipped aircraft can perform tasks required by any agencies, including rescue operations and
critical emergencies.

Figure: 7. Amphibious transport network in Russia
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4 CONCLUSIONS

Considering the details that we have just discussed, it can be concluded that aircraft with
Air-Cushion Landing Gear can:

1. Provide connections between regular aerodromes and distant regions;

2. Form stable, economical aviation transport supply services for regions with less-
developed aerodromes and infrastructure;

3. Allow decentralization of transport flows and enhance proportional development of
regional transport systems;

4. Significantly reduce costs of aerodrome system development in regions with few
passenger channels and low passenger flows;

5. Reduce the burden of local air and water transport systems on regional budgets;

6. Entail multiplicative effects on economic growth and social-economic development of
distant country regions.
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Abstract. Aircraft design process has gone a long way from the traditional pen-and-paper approach. Designers
have now relied less on the costly and time-consuming wind-tunnel experiments, and have taken advantage of
the advances in computing technologies, numerical methods, and data science. Aerospace computation has
now become the state-of-the-art approach for aircraft design. It is thus imperative to equip our students with the
relevant background and knowledge beyond the classical aerospace engineering topics, including computational
engineering, data analytics, and programming skills. Moreover, students need to be exposed to the aircraft
design cycle typically applied in industry. These considerations will shape the pre-requisites and syllabus
for an aircraft design course offered to university students. We need to further emphasize the importance of
mathematics and programming background of students taking the course. By the end of the course, students are
expected to have the fundamental knowledge and experience on a typical aircraft design process in industry.
We should therefore expose students to topics outside the traditional aerospace engineering realm, including
computational engineering, aviation economics (market analysis, cost estimation), and the assessment of the
environmental impacts of aviation.

1 Towards Modern Aircraft Design Process

An aircraft design process is a long and complex process that needs to be performed iteratively. This section
first begins by providing an overview of the traditional aircraft design process. Next, the concept of aerospace
computation is introduced, followed by the associated limitations and solutions adopted by aircraft designers

nowadays.
1.1 Traditional Aircraft Design Approach

An aircraft is a complex and multidisciplinary system, with the complexity spanning across the number of
parts involved, material types used, manufacturing techniques employed, operational parameters, etc. Some
of the typical disciplines involved include aerodynamics, structures, engine/propulsion system, flight mis-
sion/trajectory profile, avionics, guidance and control. The complexity is further exacerbated by the interdisci-
plinary coupling within the system, where changing a parameter in one discipline will affect the performance of
other disciplines. Increasing the wing span, for instance, might improve the overall acrodynamic performance
by reducing drag, but it might in turn cause stability issues (such as flutter) and affect the structural performance
of the aircraft. As such, an aircraft design process is typically done iteratively, where the configuration design,

sizing, and performance evaluation keep being updated until the desired design is achieved.
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An aircraft design process starts with specifying the requirements, i.c., the mission payloads and ranges
that the aircraft will operate. Based on these requirements, the designers would first perform weight estima-
tion (including takeoff gross weight, empty weight, and fuel weight), cost estimation, preliminary sizing, and
configuration layout. These processes rely mostly on rough calculations, intuitive knowledge, and historical
configurations and data. The designers would then iteratively refine the sizing and design until they arrive at the
final design. Prior to 1960, the aecrodynamic performance evaluation and thus aircraft design relied mostly on
wind-tunnel experiments [1]. Richard Whitcomb, one of the most prominent aviation pioneer and acrodynam-
icists in the second half of the 20th century used to design airfoil sections by hand, based on his acrodynamic
knowledge and data collected during wind-tunnel experiments. Nowadays, this time-consuming and costly ac-
tivity can be easily replaced by running some simulation and optimization on a personal laptop. Needless to say,
aerospace computation has now dominated the aircraft design field.

1.2 Aerospace Computation

Computational science has become an indispensable part of acrospace engineering. Intensive computation for
simulation and optimization has been shown to be essential in designing and analyzing complex systems such
as aircraft. The rapid improvements in numerical algorithms and computing techniques have brought computa-
tional methods to the aircraft industry [1, 2]. It has enabled designers to combine basic mathematics and physics
into algorithms to model the physical phenomena of aircraft operations. Using computational techniques for
simulation and optimization allows researchers and practitioners to model and examine phenomena that are too
complex, costly, and hazardous for experimentation, and thus address problems previously deemed intractable.
Computational science also makes it possible to analyze the interdependency of processes across disciplinary
boundaries. Aerospace computation has now gone beyond the computational fluid dynamics (CFD) and compu-
tational structural mechanics (CSM). Starting in the late 1970s, these techniques were coupled with constrained
optimizations to meet the aircraft design objectives [3, 4, 5].

Optimization is a systematic method to find the design that achieves the desired design objective, while at
the same time ensuring that all constraints are satisfied. There are three main components in a design opti-
mization procedure, namely the objective function (design goal), constraints (design restrictions), and design
variables. As an illustration, we can use optimization to minimize the aircraft drag by varying the airfoil and
wing geometries, while ensuring that lift, stability, and structural requirements are satisfied. Some early works
in aerodynamic shape optimization included those by Hicks er al. [3], Hicks and Henne [4], and Constentino
and Holst [5] in the late 1970s and early 1980s; and in the late 1980s by Jameson [1, 2], Shubin [6], and Shubin
and Frank [7].

1.3 Current Limitations and Solutions

The advancement in acrospace computation has resulted in increased modeling fidelity, i.e., how close a model
is to represent the physical phenomenon. Aerodynamic modeling, for instance, has evolved from a simple
inviscid, irrotational linear potential model (1960s), nonlinear potential (1970s), solving the Euler equation
(1980s), and finally the Reynolds-Averaged Navier Stokes (RANS) equation (1990s) that can model the vis-
cous effects of the flow. The same goes to other disciplines as well. This advancement, however, comes at the
expense of increased complexity and computational cost. Moreover, we can now model the interdisciplinary
coupling in the aircraft system using the multidisciplinary design and optimization (MDO) framework. MDO
can assist the design of complex engineering systems by accounting for the coupling in the system and auto-
matically performing the optimal interdisciplinary trade-offs [8]. MDO has been extensively used in aircraft
design applications [9, 10], especially in the design of the wing, where the coupling between acrodynamics
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and structures is especially important. The earliest efforts in wing aerostructural optimization used low-fidelity
models for both disciplines [11, 12]. Since these early contributions, the fidelity of acrodynamic and structural
models has evolved immensely, which has led researchers to develop methods for high-fidelity acrostructural
optimization [13, 14, 15, 16].

Despite the aforementioned capabilities, we are still far from reaching the ultimate goal in aircraft design,
which is to model the entire flight envelope of the aircraft. The required number of function evaluations to
perform design analysis and optimization that cover the entire flight envelope can grow beyond the practical
capacity of the available computational resources. As an illustration, the Center for Computer Applications in
AcroSpace Science and Engineering at the German Acrospace Center (DLR) states that 20 million simulations
are needed to include 50 flight points, 100 mass cases, 10 aircraft configurations, 5 maneuvers, 20 gusts condi-
tions, and 4 control laws in order to accurately predict acrodynamics loads acting on an aircraft throughout its
flight envelope [17].

As a step to consider the entire flight operating envelope in assessing aircraft performance, we first need
to be able to perform the detailed mission analysis of an aircraft operation. A mission analysis would provide
a platform to combine the different aspects of aircraft operations, including acrodynamics, structures, flight
mission/trajectory analysis, engine/combustion modeling, atmospheric modeling, and aeroacoustics. Moreover,
we also need to know about the aircraft mission data, or operational statistics of the air traffic. Needless to
say, performing detailed mission analyses using high-fidelity models would be computationally intractable. The
computational burden would be even higher if we consider the uncertainty in the system for a more realistic
analysis. There are many sources of uncertainty in acrospace modeling, such as in mission analysis phase
(e.g., the variability of mission needs and requirements), in design phase (e.g., model input uncertainty, model
uncertainty, model error), and in operation phase (e.g., fuel price, demand in air transportation). Only when these
uncertainties are properly accounted for would we be able to have a thorough and in-depth aircraft performance
evaluation.

Due to these limitations, aircraft designers typically assume simplified physics and operations in the analyses
and optimizations in a deterministic setting, which will be described briefly. The fuel burn computation, for
instance, is often done by employing the classical Breguet range equation [18] instead of by performing the
detailed mission analysis [19, 20]. Using this equation, however, does not properly model the takeoff, climb,
and descent segments [21]. Simple fuel fractions [20] or empirical approximation functions [22] are often used
for these segments. The expensive computational cost restricts the number of flight conditions considered in the
optimization problems. Therefore, the designers typically focus only on optimizing the aircraft performance at
its nominal condition (e.g., nominal cruise Mach number and altitude). Early work in wing optimization focused
on drag minimization with respect to acrodynamic shape considering a single flight condition [23, 24, 25, 26].
However, single-point optimization has the tendency to produce designs with optimal performance under the
selected flight condition at the expense of serious performance degradation under off-design conditions [27].
Drela [28] argued that single-point drag minimization is insufficient to embody the real design requirements
of an airfoil. Considering multiple flight conditions in aerodynamic shape optimization problems has thus
become increasingly more common. Jameson [1] pioneered this effort, seeking a compromise design by taking
the sum of cost functions for several design points. The most common approach in multipoint optimization
formulation is the composite objective function, by taking the weighted sum of objective function (typically drag
coefficient Cp) over several flight conditions [29]. The multipoint optimization results have been consistently
shown to be superior to those of single-point optimizations, with more consistent performance gain across all
flight conditions considered [1, 27, 28, 30, 31]. In the multipoint objective function formulation, the biggest
challenge is to find the most suitable operating points to be sampled, which is not apparent a priori. Also, the
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relative emphasis (weight) associated with each flight condition is either arbitrary or based on the designer’s
prior experience [27, 28]. Lyu et al. [32] and Kenway and Martins [16] assigned equal weights to all five points
considered in the optimization cases. Buckley and Zingg [33] employed an integration, or quadrature, rule to
formulate a weighted-integral objective function in their multipoint optimization problems. The problem with
the aforementioned restrictions and simplification is that there is no guarantee that they produce results that
reflect an optimum real-world performance.

Surrogate modeling has also been commonly used to reduce the cost and time of the computational pro-
cedure by providing low-cost substitutes to replace expensive evaluations of the original physics-based mod-
els [34]. A surrogate model (metamodel [35] or model of models [36]) uses mathematical models to provide
a simpler approximation of a physical system, thereby reducing the computational expenses of analysis and
optimization [35, 37]. Surrogate models have previously been shown to assist various optimization procedures
in aerospace engineering. Chung and Alonso [38, 39] used a gradient-enhanced kriging (GEK) method in a su-
personic business jet design optimization, Toal and Keane [40] used a cokriging method to perform a multipoint
drag minimization, Zimmermann and Gortz [41] developed a proper orthogonal decomposition (POD) subspace
restricted least squares model to solve the governing fluid flow equations.

2 Incorporating Mission Data to Aircraft Design

To have a design problem formulation that truly reflects aircraft operation, the author incorporated actual flight
mission data in the derivation of optimization problems. In particular, multipoint optimizations were performed
where a rational strategy was derived to systematically select the points and weights used in the composite
objective function. The derivation was done based on the actual mission requirements and how the aircraft
operates during those missions. The benefits of incorporating data in the problem formulation as compared to
optimizing the aircraft performance at its nominal condition only are obvious in the results, which will be further
elaborated shortly.

To obtain a set of missions that is representative of the actual operations of a given aircraft model, the Bureau
of Transportation Statistics (BTS) flight database ! is consulted. This flight database provides information on
the payload and range of each flight mission. In particular, payload and range data for all Boeing 777-200ER
in 2011 that took off from the United States, landed in the United States, or both. These data consist of a set of
101159 flights for which the payload-range frequency histogram is shown in Figure 1. The black circle refers
to the nominal mission parameter used for the single-point optimization.
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Figure 1: Histogram of 101059 flights for the Boeing 777-200ER aircraft and its payload-range envelope.

ITranStats, Bureau of Transportation Statistics http://www.transtats.bts.gov/
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To find the flight-condition distribution, these flight missions are analyzed using the surrogate-based mission
analysis procedure developed by the author [42]. 529 representative missions are selected, which are shown as
the histogram bins in Figure 1. This mission analysis procedure is a computationally efficient and accurate
procedure that can emulate the different flight conditions experienced by the aircraft during different mission
phases (climb, cruise, and descent).

The first multipoint optimization problem was performed to minimize the aggregate fuel burn of all flight
missions shown in Figure 1. This problem was converted into a multipoint one through the linearization of
fuel burn computation with respect to drag forces and structural weight. The optimization considered a cou-
pled aerostructural system, to take into account the acrostructural coupling and tradeoff. Figure 2 present the
comparison between the described multipoint and single-point optimization (where only the nominal condition
was considered). In particular, the color in each bin refers to the fuel-burn reduction obtained with the opti-
mized configuration, as compared to the baseline configuration. It is clear to see that the multipoint optimized
configuration resulted in a consistent fuel burn reduction across all flight conditions considered, whereas in the
single-point optimization case some flight missions actually burned more fuel using the optimized configura-
tion; this result is clearly undesirable. The consistent fuel burn reduction in the multipoint optimization cases
translated into a higher aggregate fuel burn reduction, 6.6%, which was notably higher than that of the single
point case, 1.7%. Further details and results of this optimization problem can be found in [43].
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Figure 2: Distribution of fuel-burn change for individual missions in the payload-range diagram. The multipoint
optimization consistently reduces fuel burn for all representative missions, which is not achieved by the single-
point optimization.

In a multipoint aerodynamic shape optimization problem performed by the author [42], the flight-condition
distribution generated from performing mission analyses on the representative flight missions was used in the
estimation of the expected value of drag. Estimating the expected value via numerical integral approximation
gave way to the multipoint formulation of the objective function. The expected value of drag was computed
considering the variation of Mach number and lift coefficient, to represent the flight condition variability. This
multipoint formulation again resulted in a configuration with a more consistent performance gain (i.c., drag
reduction) than that of the single-point optimization case. Morecover, the estimated expected value of drag
reflected the actual distribution more closely than when no data were used in deriving the objective function
formulation. These two multipoint optimization examples yield aircraft configurations that truly reflect how
aircraft actually operate in the real-world applications, which demonstrate the effectiveness of incorporating
actual aircraft flight-mission data in the aircraft design process.
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3 Required Skillsets of Aircraft Designers

The discussions above illustrate how designers need to acquire skills beyond the classical aerospace engineering
to further advance the modern aircraft design process. In particular, they need to be adept in computational
science and engineering, programming, and data analytics or information technology; each of which will be

briefly discussed below.
3.1 Computational Science and Engineering

Computational science refers to the development of technologies pertaining to modeling and optimization pro-
cedures. It is important to distinguish it from computer science, which only focuses on the development of
computer technologies. To perform any numerical analyses and optimization in the aircraft design process, a
strong mathematical background is required. Some topics in mathematics that are often used and important in
the aircraft design process include, but not limited to: linear algebra, numerical simulation, partial differential
equations (PDE), integral equations, and sparse algorithms. The aforementioned skills are mostly required in
the modeling phase. At the next level, designers need to master optimization methods to formulate the aircraft
design problem as an optimization problem. Further, knowledge in surrogate modeling will come in handy
when approximations are required at any stages of design and optimization procedures. In a complex multidis-
ciplinary system, designers are often required to perform sensitivity studies, i.c., to identify the key drivers in
the design outputs, as well as tradeoff analyses, i.¢., to see how different parameters interact with each other. To
account for the system uncertainty, the designers need to be familiar with stochastic modeling and uncertainty

quantification (UQ) techniques.
3.2 Programming skills

There exist some dedicated software developed to assist aircraft design, be it single-disciplinary analysis tools or
integrated aircraft design tools. NASTRAN ? was one of the early finite element codes developed for structural
mechanics. XFoil * was designed by Prof. Mark Drela from MIT to perform design and analysis of subsonic
airfoils. XFoil can be used in wing design by means of the XFLR5 software *. For integrated aircraft design
software, there are, for instance, OpenVSP 3, Advanced Aircraft Analysis (AAA) ©, and Piano 7. Piano is a
professional commercial aircraft design tool with capabilities including the assessment of environmental impacts
of the aircraft operation. pyACDT developed by Henderson et al. [44] and the Program for Aircraft Synthesis
Studies (PASS) [45] are two examples of conceptual design tools that can analyze aircraft performance that can
be coupled with optimization tools for aircraft design optimization.

These dedicated software are user-friendly, but might be limited in terms of flexibility. The designers might
want to include some features not provided by those software. In which case, they need to write their own codes.
Python-wrapped fortran codes have been proven to be effective [31, 46, 47, 48]. Fortran offers significantly
faster computations than Python to perform the computationally intensive parts, while Python provides a more
practical user scripting interface that uses convenient class objects and also enables visualization tools. Using
Python at the scripting level also facilitates the integration of the different Fortran modules.

Due to the intensity and long computational time, aircraft modeling and optimization are often done us-
ing parallel computing technologies. The multipoint aerostructural optimization problem previously completed

Zhttp://www.autodesk. con/products/nastran/overview
Shttp://web.mit.edu/drela/Public/web/xfoil/
“http://www.xf1r5. con/xf1r5. htm
Shttp://wuw.openvsp.org/
®http://www.darcorp.com/Sof tware/AAA/
Thttp://www.lissys.demnon.co.uk/index2. . html
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by the author used 1049 processors [43], and the multipoint acrodynamic shape optimization used 480 pro-
cessors [31]. Both computations were performed on the General Purpose Cluster (GPC) supercomputer at the
SciNet High Performance Computing (HPC) Consortium, which was funded by the Canada Foundation for In-
novation [49]. The use of supercomputer and cluster computing technologies has become more common. There

are some large ones in the region such as the national supercomputer center in Shenzhen ® and Tianjin °.
3.3 Data Analytics/Information Technology

Advances in computing and storage systems have greatly facilitated the gathering and sharing of large amount
of data. The Bureau of Transportation Statics (BTS) '°, for instance, makes a large amount of transportation
data (including aircraft operation) publicly available. These data contain useful information on how the aircraft
actually operate in real world, and thus can be used to further enhanced the effectiveness of aircraft design
process, as demonstrated in the multipoint optimization cases previously discussed in Section 2. As such,
knowledge and skills in data analytics and information technology would be essential, to enable incorporating
this abundance of data into the analysis and design processes. The use of statistical machine learning can
help make sense of the vast amount of data, i.e., to identify patterns in data, statistical parameters, principal

components, etc.

4 Modern Aircraft Design Course Syllabus

I hope that this paper has given a glimpse of the landscape of modern aircraft design, and how it has gone beyond
the classical acrospace engineering. Advances in computing technologies, storage systems, and data science
have expanded the scope of what an aircraft designer can do. They can now perform more computationally
intensive procedures in reasonable resources and time, and make use of the vast amount of available data to
complement the aircraft design process. Some of the future aircraft designers will start from our classrooms.
Therefore, it is important to ensure that our students are well-equipped with the skills and knowledge required
to be competent aircraft engineers and designers. This section will briefly discussed how to shape an aircraft
design course for university students, based on our previous discussion.

In order to expose students to the common aircraft design practices in industry, we will guide them to
emulate the typical design cycle through a design project. The projects will be done in groups, since teamwork
is an essential aspect in the design process. Within a project team, each student will be assigned a different
subsystem. In addition to mastering their specific topic, they will also need to be able to work together as a
team to ensure the compatibility of the different subsystems and to achieve the common design goal. In doing
s0, they will learn to apply the systems engineering approach to design a system as complex as an aircraft.

To imitate the complete design cycle, despite in a much smaller scale, the students need to perform the
market research analysis, to formulate the target mission requirements of the aircraft they are going to design.
As we have previously discussed, setting the mission requirements (e.g., whether it is a long-haul or short-
haul aircraft) is the first step in a design process and will determine the configurations and designs of the
aircraft. Students also need to be aware of the key drivers in the design of future aircraft configurations, as
they will greatly affect the objective and constraints in the optimization problem formulation. Right now, the
growing concerns of the environmental impacts of aviation (emissions, local air quality, and noise) and fuel
economy, coupled with the increasing air traffic activities, demand for fuel efficient, environmentally-friendly
aircraft [31, 50, 51]. Assessing the environmental impacts of aviation has thus become an essential part in the
design, and students need to be exposed to this aspect.

$http://www.nsccsz.gov.cn/en
“http://www.nscc-tj.gov.cn/en/
Oyttp: //www.rita.dot.gov/bts/home
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During the course of the design project, students will go through the aircraft design process and perform the
required analyses. The typical process starts with weight estimation, preliminary sizing, configuration layout
(including fuselage, wings, landing gears, stability components, and propulsion system), and followed by sizing
refinement to achieve the final design. This will require the coverage of basic aerodynamics, structures, flight
performance and stability, propulsion topics in class, which could be considered as the more classical topics
in aerospace engineering. In addition to the engineering and computational aspects of aircraft design, we need
to introduce students to the aviation economics. This module would equip students with knowledge on the
ecconomic aspects in airline industry, including its market, technology readiness level, and the supply chain
managements. Next, the students need to have fundamental knowledge on the aircraft life-cycle cost analysis
as well as cost estimation, including the aircraft unit price, operations, and maintenance costs. In light of the
growing environmental concerns of aviation, students need to be aware of its economic implications.

There are essentially three basic skills that every acrospace engineering student should have, namely the
mathematics skills, coding skills, and communication skills. Strong mathematics and coding background will
cnable students to manipulate computational models in simulations and optimization procedures, and should
be made pre-requisites for the aircraft design class. It is clear from our previous discussions that acrospace
computation is the way to go to design future aircraft. Students will be introduced to the available optimiza-
tion techniques, including the multidisciplinary design and optimization (MDO) methods, even if they do not
perform a full optimization in their class project. To keep up with the current trend and common practices, the
students will get the chance to use the state-of-the-art dedicated software to complete the design project.

At the completion of the course project, the students will be required to complete a project report and do
an oral presentation in front of the instructor and their classmates. The report should include a detailed and
clear description of their proposed design, and the computer-generated 3D drawings for the overall layout and
components. The students have to present clearly the rationale behind their designs (i.e., how they come up
with the proposed designs), and any relevant decision making and risk-benefit analyses whenever applicable.
In additional to the technical assessment, their communication skills (both oral and written), including the
structures, clarity, and completeness, will contribute to the final scores as well.
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Abstract. 7his article provides information about the history, organizers, and participants of
the conference in the framework of exhibition Aerospace technologies, modern materials and
equipment - ACP Conference. It reviews the most interesting reports on the subject of Design
in the Field of Education, and perspectives of the conference, as well as its role in the
establishment of international relations, including with China.

The Republic of Tatarstan has great industrial potential and is one of the leading
regions in the field of aerospace technology in Russia. The aerospace complex of Tatarstan
consists of a large number of enterprises and research organizations which are well-know
throughout Russia and all over the world, and include such entities as; Kazan Aviation
Factory, Kazan Motor Production Association, Kazan Helicopter Factory and others. In this
regard, it is not surprising that Kazan, the capital of the Republic of Tatarstan, every two years
becomes the center of attraction for all of the aviation industry of the Russian Federation, and
holds one of the largest exhibitions devoted to aerospace technology in Russia: Aerospace
Technologies, Modern Materials and Equipment - ACP.

An iternational specialized exhibition Aerospace Technologies, Modern Materials and
Equipment - ACP was held in Kazan in for the first time in 2002. The exhibition brought
together about 70 companies from Russia, Ukraine, Belarus, and was visited by more than
6000 people. Every year the geography of exhibitors has expanded, so during different time
periods the exhibition has been attended by representatives from Germany, France,
Switzerland, Kazakhstan, Lithuania, Syria and the USA. Various research institutes, design
bureaus, enterprises and companies from Russia and foreign countries have taken the
opportunity to demonstrate their achievements. In 2014, the exhibition was attended by about
100 companies from 16 Russian cities: Moscow, Saint Petersburg, Almetyevsk, Armavir,
Dubna, Ekaterinburg, Chrysostom, Izhevsk, Irkutsk, Kazan, Karachev, Kirovo-Chepetsk,
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Lipetsk, Perm, Samara, Tomsk. Companies included the Rostec Corporation, United Aircraft
Corporation, Obronprom Corporation, and large research centers such as Central Institute of
Aviation Motor Development, the All-Russian Scientific Research Institute of Aviation
Materials, the Central Aero-hydrodynamic Institute and many others participated in and
visited the exhibition. Companies representing the products of 11 countries have also
participated in ACP: Belgium, France, Germany, Israel, Italy, Norway, Belarus, USA, France,
Switzerland and Sweden. In 2014 the exhibition was visited by a delegation from the China
Aerospace Science and Industry Corporation (CASIC) and Aerosun Corporation [1].

Traditionally, the international scientific-practical conference on aerospace
technologies is held within the framework of the business program of ATC. The Conference
is organized in sections: "Aircraft Engineering", "Design, Engineering and Production”,
"Engines and Power Plants", "Avionics, Equipment and Control systems," "Radio-technical
Systems and Aircraft Complexes", "Information Technologies in the Aerospace Industry",
"Financial and Economic Aspects of Development of Aerospace Complex of Russia and the
Republic of Tatarstan" and "Training of Personnel for the Aerospace Industry". Usually, the
participants of the conference are the heads of leading research centers, scientific and
technical complexes, scientists and specialists of higher educational institutions, research
institutes, design organizations, aerospace centers of Russia and other countries. The
President of United Aircraft Corporation, the Director of Helicopters of Russia, the Director
of the Central Aero-hydrodynamic Institute and many others have made plenary reports in the
framework of the conference.

Modern technologies in the aviation and space industries, and innovations in aviation
that are presented at exhibitions like ACP are the results of the work of highly skilled
engineers and personnel, so the question of training of high-quality personnel for high-tech
enterprises is a key question for discussion at such exhibitions and conferences. In this
context, it is obvious that for many years the ACP conference is an effective communication
platform for professional discussions of the main issues of aviation engineering education in
Russian aviation universities.

At the conference, the questions of modern requirements for training workers for the
aerospace industry, and new educational technologies are the main issues of plenary and
section reports. Within the framework of the conference, meetings of heads of enterprises of
the aerospace industry, rectors and vice-rectors of universities, heads of personnel services of
enterprises, and experts in the field of education are held to discuss new methods, innovative
educational training and retraining technologies. Questions as to what competencies should
graduates possess and how to develop those competencies are discussed during the round
tables meetings.

During the conferences, a very wide range of issues pertaining to personnel training
for the aerospace industry was discussed, so let’s note the most interesting questions and
reports that were made within the last two ACP conferences.

Today in Russia the system of higher education allows for single-level training
graduates (duration 5 and 5.5 years) and also for a two-level education system with the
assignment of graduate Bachelor's degree (4-year training) and master's degree (duration 1-2
years) after receiving a bachelor's degree or professional qualification. Every year, the two-
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level training system is expanding within the higher education institutions in Russia,
including universities which train engineers for the aerospace industry. However, the
appropriateness of the two-level system of training for aerospace engineering personnel, is the
topic that is causing a lot of disputes. The weak point of the two-level education system and
its implementation in the training of specialists for the aerospace industry, is the lack of clear
advantages in comparison to the pre-existing system of education. This theme is the most
discussed topic during the round-table sections of the conference.

The implementation of distance learning in the field of training for aerospace industry
is also very controversial and an interesting topic for discussion. The modern stage of
development of engineering is characterized by the increased demands for mobile
professional specialists who are able to realize themselves in the constantly changing
environment, so the application of distance learning for training and retraining, obviously,
would be a tool for solving problems of this kind. However, the effectiveness of distance
learning technologies in the narrow technical practice-oriented disciplines remains the big
question. For example, in [2], the role of distance learning in modern engineering education is
considered, including techniques of distance laboratory practice, as well as an analysis of the
effectiveness of distance laboratory work. The advantages of distance learning are mentioned:
"The role of distance education is constantly increasing due to the development of
information and telecommunication technologies. The advantages of this form of training are
ease of access to the educational material, the opportunity to study at a convenient time and
regardless of where they live, availability for all persons, regardless of employment at work,
health and so on.”

Also the factors that can prevent the spreading of distance education technologies were
noted. "The limitations of the introduction of distance learning in engineering specializations
are outdated teaching techniques and instruments”. In the paper it was pointed out that the
distance learning technologies should be used in teaching technical disciplines only in
conjunction with the complex of classroom laboratory works involving the teacher. "7The
present level of development of information technologies has opened up wide perspectives
and opportunities for the study of phenomena that occur in the technical devices and systems.
These phenomena can be modeled in different computing environments or studied by the
actual devices and systems using the appropriate hardware and software. A rational
combination of traditional laboratory works and distance technologies is a priority for
improvement of engineering education ".

In [3], a monitoring system which is necessary to control, estimate the quality of, and
value the correctness of the student’s distance laboratory practice in technical disciplines, is
presented. "The system enables you to record statistics and the timing of each student, as well
as to make the quality analysis of the implementation of the practical detailing in
chronological order of the experiment sequence, set of input data and value their
correctness.”

In [4], the questions of integration of the educational information system for training
and retraining of engineers are discussed. The authors recommend "the widespread
introduction of digital educational services for all education institutions to train qualified
specialists in the field of engineering and to ensure the effective use of available resources of
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educational institutions and enterprises seems appropriate use of the modular data center”. In
the paper it is noted that "in the framework of this approach, a real integration of education,
research and production information environments of universities and enterprise, its
subsequent advanced development for the real competitiveness of the industry can be
implemented. A network of data centers should provide information and logistical
cooperation of all subjects of the education system. An important feature of data centers is
providing all activities in the field of training and retraining: educational work, management,
extracurricular activities, control”.

Modernization of professional education is one of the priority directions of
development of Russian education. According to the President of the United Aircraft
Corporation Yury Slyusar: "For the successful development of the aircraft industry today it is
necessary to introduce modern educational standards and to train professional staff in this
way, so that young professionals are to be ready for work immediately after the end of
education”. For an effective functioning of the system of personnel training for the aerospace
industry it is necessary to provide integrity to the systems of science, education and industry,
and to develop the concept of continuing professional education and the concept of practice-
oriented learning technologies. The organization of resource centers that include several
educational institutions that will have the opportunity to exchange among institutions
material, technical, educational and human resources intended for the development of modern
professional technology is an obvious requirement [5]. Also, the questions of the
implementation of a dual training system is considered, the scientific reasoning, testing, and
then the introduction, the development of dual forms of training in college and distribution in
the system of professional education are mentioned.

A part of the section reports the issues of special contract training, as well as issues of
additional retraining were noticed [6].

In [7], cooperation with the European aerospace clusters, training, issues of innovative
educational technologies of the world's top universities, as well as perspective directions of
international scientific and technological co-operation are studied. The issues of realization of
joint international training programs in the aerospace industry, the development and
implementation of competence centers in the field of training for the aerospace industry, the
development and implementation of joint educational programs in the field of aviation are
considered. It was noted that the priority is to “create a union of highly qualified engineers,
who are well practiced in foreign languages, are able to navigate in the stream of the global
information network, and are able to find new modern technological solutions and
achievements in the field of their professional interests".

International cooperation in the field of training highly qualified engineering personnel
for the aviation industry, in our view, is today one of the most perspective areas of
cooperation between Russia and China. Today Russia and China are constantly increasing the
rate of cooperation and expanding the area of interaction. Thus, at the last meeting of the
leaders of two countries, Vladimir Putin and Xi Jinping signed nearly 30 agreements in the
fields of energy, aviation, space, and finance. In the joint statement of Russia and China, it
states that the two countries are planning to increase investment in the field of transport,
energy and infrastructure. In addition, Russia and China plan to join forces to develop a rocket
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engine and electronic components in the field of satellite navigation, exploring deep space.
Moscow and Beijing will continue to cooperate in the field of civil aviation. In particular, the
creation of wide-body long-haul aircraft and heavy helicopters was discussed. Also, the
Chinese and Russian sides continue successful cooperation in the field of high technologies. It
is clear that successful implementation of these agreements is not possible without the joint
training of engineers; discussions, exchanges of information, views, intensification of
academic exchange programs, etc. In this regard, the ATC conference may be a great
opportunity for the joint discussion of Russian and Chinese issues of engineering education in
the aerospace industry.

At the 2016 ATC conference, events such as the Congress of Rectors of Russian
Aviation Universities, a qualifying round of the “World Skills Russia” championship,
"Aviation Maintenance” and Junior skills competency "Aerospace Engineering"[1] will be
held. These events are to be considered as a big step forward in the improvement of the
quality of training for aviation industry and aim to encourage experts in the field of aviation
education from different countries, including China, to participate in ATC.
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National Aerospace University KhAI was founded in 1930 and has a long history in the
development of aviation science and technology in Ukraine. Until 1991 it was a closed
educational establishment which trained specialists for the aviation, space and defense
industries of the Soviet Union.

KhALI is a higher education establishment training aeronautical engineers in all academic
degrees and aeronautical engineering qualifications. Over the years KhAI University has
trained more than 60,000 professionals who have reached high levels in professional and
administrative fields. Many graduates credit KhAI as an educational institution that trains
high-quality engineers with high professional and creative abilities. Many graduates have
become general and chief designers, received state awards, contributed to the development of
aviation and aerospace in Ukraine and around the world.

Education in KhAI has always combined with scientific research which is why a
significant number of graduates have proved to be skilled researchers and contributed greatly
to the development of science in Ukraine.

Achievements made in KhAI laboratories and student design bureaus having raised
scholars and leaders whose names elevate Ukrainian aviation and aerospace industries, and
are well known around the world.
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After 1991 KhAI received the right to conduct international activities but in order to
successfully implement international projects, the University had to solve a number of issues
which were as follows:

1. Development of methods and experience of international activity in all forms and
training of experts for its implementation.

2. Implementation of activities directed to train students and teachers in foreign
languages in order to carry out international activities.

3. Development of a series of dictionaries in English and Ukrainian in aviation, space
and related engineering sciences.

4. Study and practical use of international standards in aviation, space technologies and
aircraft maintenance.

5. Organization of initial training for foreign students in almost all of the majors
available at the University, organization of recruitment, admission, settlement and servicing
of foreign citizens.

6. Organization of training for Ukrainian and foreign students in English, and provision
of teaching materials and textbooks.

7. Realization of research projects proposed by academic and administrative university
staff, registration and participation in international competitions for grants.

8. Implementation of advertising and marketing to ensure the competitiveness of
university services on the international education market.

9. The use of modern information technologies and communication methods used by
developed countries.

Throughout the years of independence of Ukraine, academic and administrative staff
and students of the university have worked hard to solve these problems, most of which are
settled at a sufficient scientific and practical level.

The university now carries out more than 60 international projects annually in
cooperation with universities and companies, including the development of high-tech
equipment and technology from developed countries around the world. KhAI is a member of
International Association of Universities TAU/Unesco, European Aeronautics Science
Network EASN, and an associate partner of European Group of Aeronautics and Space
Universities PEGASUS.

KhAI is a powerful educational and scientific complex that has deep scientific traditions
and that is well-known and recognized not only in Ukraine but in countries near and far. One
of the bright examples of deep and fruitful international cooperation is the cooperation
between KhAI and universities of People’s Republic of China.

National Aerospace University “Kharkiv Aviation Institute”, KhAI, (Ukraine) and
Nanjing University of Aeronautics and Astronautics, NUAA, (China) have long-standing
friendly relations. During the 1950s, KhAI specialists assisted in the establishment of
Nanjing Aviation Institute (the former name of NUAA) which appeared on the basis of an
Aviation College. Then there were only four faculties, and the number of students did not
exceed 3000 individuals. Now it is one of the largest universities in China accounting more
than twenty thousand students. In 2008, NUAA became a member of Chinese research
universities.
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Figure 1. KhAI is a member of IAU/Unesco, EASN, PEGASUS.

In 2007, the universities signed an agreement on the opening of a joint education
program within the so-called sandwich project. Normally sandwich courses are courses
offered by universities where studies take place working in industry or studying abroad.
Sandwich courses normally last for four years at degree level, with work experience or
foreign studies normally taking place in the third year of study. Where the candidates go and
what they do depends on the subject; modern languages students might study at a foreign
university, business students might work with companies abroad, while science students
might work in a laboratory.

In accordance with the contract signed by NUAA and NAU “KhAI” organize joint
training of bachelors and masters selected from among the students of the People's Republic
of China studying majors on the list which is approved by the Cabinet of Ministers of
Ukraine. Accepted students are selected by the Chinese representatives according to existing
rules and regulations of China. Candidates obtain the right to study in two universities. The
total training period is six and a half years. The training is planned and conducted by both
universities. In the first two years, students study in China in the bachelor’s degree program.
Some of the academic disciplines including Russian language and specialized lectures are
read by lecturers of Khal University who come to NUAA for one term. In the following two
years, students are trained in Ukraine. The Master’s degree program is divided into two
stages: the first lasts 1.5 years in NAU “KhAI” (within this period all requirements of the
Ministry of Education of Ukraine shall be met and implemented), the second lasts 1 year in
China (within this period all NUAA requirements shall be fulfilled). Students who
successfully complete the training are awarded with diplomas from both universities.

Teaching of the Russian language within the project is a combination of traditional and
innovative approaches to learning which takes into account the specific nature of training
beyond a language environment, national, mental and psychological characteristics using
basic knowledge of students in the field of language and culture, which they had acquired in
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their homeland. According to curriculum agreed upon by both Universities, the course of the
Russian language has 128 hours of training in each semester. Despite the differences in
methodological approaches, we and our Chinese colleagues have come to develop common
training requirements and guidance systems. The evaluation system in China is 100 points,
which we believe allows us to implement volumetric evaluation of acquired knowledge.
Control in the form of written work is carried out at the end of each semester. According to
each semester's results,a student either continues the course or is expelled. By the end of the
program the number of students is reduced to 15-17 individuals, but those remaining are the
students who can really continue their studies at our university.
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Figure 2: KhAI lecturer and a group of Chinese students in NUAA.
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Experience has shown that after the second semester the students have dominant
receptive language skills: the ability to read and translate, answer questions on the text, and
complete grammar exercises. Naturally, the training in the next phase becomes more
complicated and after the third semester the student is already able to independently make
their own statement on the level of micro text, using not only simple but also complex
sentences. The purpose of assignments at this stage is to improve skills and abilities of
situational use of language and speech patterns.

Special focus is drawn to the lessons on teaching a scientific style of speech on the basis
of adapted material provided by lecturers. This is based on familiarization and consideration
of the text, various types of work that are aimed at developing professional skills of speech in
the field of educational and professional communication. It should be noted that some tasks
cause difficulties among students, but their appropriateness is justified by the fact that
teachers start to read technical lectures in Russian in the fourth semester, after which students
continue their studies in Ukraine.

After the first month, when Chinese students are accustomed to the cultural aspects of
living in Ukraine, it is necessary to adapt their language. From the first days of training, all
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students continue attending Russian language classes, but it is important that practice of
communication skills take place not only in the classroom but outside of it as well. Thus the
University annually organizes a conference for foreign students. The main objective of the
conference is to make a report in Russian. Chinese students prepare reports under the
guidance of experienced teachers-philologists. During the conference, students can practice
their knowledge, report, answer questions and prepare questions for the presenters. The entire
event is held in Russian.

Another important factor in the adaptation of Chinese students in Ukraine is their
socialization. Events focused on such adaptation, also exist at our university. KhAI
encourages Chinese students to participate in various cultural and sporting events. This
facilitates their convergence with Ukrainian students, as Chinese students are able to
participate actively in the life of the university, thus feel their importance.

Upon completion of training, students defend their theses and receive diplomas from both
universities in bachelor's degrees. This program was titled 2+2 or sandwich program. The first
graduation of Chinese bachelors was in the summer of 2011, the students majoring in “Radio
Electronic Devices, Systems and Complexes”. Within this major, students study design,
manufacture and operation of different electronic and radio-electronic devices, including
computerized aerospace complexes (avionics), means of protection of information and
objects, technical facilities of computer systems, radio-electronic household equipment.

Figure 3: The sixth graduation ceremony of Bachelors (June, 2016).

Due to the success of the project the agreement was extended for the following years and
in new majors. In 2015 KhAI admitted Chinese students for the Avionics major. Within this
major, students learn how to design state-of-art information technologies and how to control
various aerospace, power and other objects and processes as well as how to develop optimal
and intelligent algorithms of control, use principles of control in technical and man-machine
systems, develop architecture of computer systems and use computers to solve problems of
control of objects in real time; students also learn how to create software of computer
intelligent control systems by applying modern technologies of visual programming.
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Figure 4: Chinese student - holder of diploma with distinction.

In order to facilitate the educational process, the administration of the department has
made a decision to join the groups of Chinese students and Ukrainian students as previously
Chinese students were trained in a separate group. This radical step turned out to be
successful as Chinese students managed to master the material even faster which again proved
the importance of cultural linguistic socialization along with professional training.

In conclusion, it should be noted that participation in this project is not only interesting,
but rewarding as well. We are currently working on the creation of a textbook on the scientific
style of speech for Chinese students who are studying within this sandwich project. We
believe this would help them to deepen their knowledge even further in order to become
professionals not only in their home country but all around the world.
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Abstract. The article is devoted to the aircraft design competition for students with
representatives and university teams, providing preparation for students studying in
undergraduate and graduate courses related to the aircraft industry. This competition is
proposed to be held at NUAA, using many years of experience in holding similar competitions
in KNRTU-KAL The paper deals with the basic organizational and operational points for this
event, discusses the competition tasks, and the development of methods of assessing the
results obtained with a view to the objective of identifying the winners.

1 INTRODUCTION

In October 4, 1957, the people of planet Earth could see a man-made miracle that
moved into space orbit and sent radio signals. It was Sputnik 1, the first man-made satellite.
In 2017, we will mark 60 years of this event. In October 2017, the authors propose to
organize an international student virtual contest associated with the design of aircraft in
celebration of the first space flight. This event will not only reminisce about one of the
greatest achievements in the history of mankind, but also will address many important
educational tasks and peacemaking.

We all know that the most effective forms of studying disciplines are those that
require active participation by the students.

The students are challenged to show originality by providing materials in their
presentations, competitive orientation, the practical relevance of disciplines, and the extensive
use of modern digital technologies.

Scientific Olympics are characterized by the listed features. On the other hand, any
communication between young people, even on a virtual level, will help to push the
boundaries of political stereotypes that have developed over decades. Friendship and youth
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contacts are a good guarantor of normal civilized relations between nations and peoples.
World experience shows that the creation of high-tech projects such as reusable aerospace
systems, the international space station, the A-380 and B-787 airliners, future flight projects
on the Moon and Mars, and others — cannot be done without the cooperation and joint efforts
of many organizations from different countries. To solve the greatest problems that mankind
is facing, bright young people who have new engineering thinking are needed, so a large and
friendly team of associates is required. The search for young people with the brilliant skills to
participate in such projects is a challenge that must be addressed in a variety of ways,
including through selection for various competitive events.

It is reasonable to believe that an effective means of attracting young people to the in-
depth study any science is for them to participate in student competitions. This practice has
been developed for a long time. Among the traditional, well-known and recognized
international scientific olympiads are: The International Mathematical Olympiad (IMO, held
since 1959), International Olympiad in physics (IPhO, held since 1967), the International
Chemistry Olympiad (IChO, held since 1968), International Olympiad in Informatics (IOI,
since 1989), and others. Apart from the analysis of the competition’s examples, the process of
preparation for the Olympics, and direct participation in them, is recognized as one of the
most effective forms of training of future specialists. Many of the competitors may later
become influential scientists and renowned designers. These scientific Olympics are
conducted mainly in an individual science, rather than focusing on teamwork.

Competition in the field of the aircraft design does not have such a rich history.
However, KNRTU-KAI has been conducting such a competition annually since 2009, and
this event has shown great potential in the search for future design talent. It is no coincidence
that in recent years these Olympics have been overseen directly by P. Sukhoi’s Design Bureau
and of Chief Designer of the fighter Su-27 Aleksey Knyshev.

In this regard, the authors of this paper suggest to organize an international student
Olympiad on aircraft design in Nanjing University of Aeronautics and Astronautics (NUAA)
in October 2017. To hold a traditional competition by gathering all the participants in one
place is very difficult due to the high cost of transport and accommodation. However, many of
the difficulties could be overcome with good preparation and by using the internet. The
boundaries of an Olympiad in such format could be virtually limitless. The wide range of
experience gained from holding the All-Russian Olympiads (on designing aircraft) annually
(using a real participation format) in the Kazan National Research Technical University
named after A.N.Tupolev (KNRTU-KAI).

2 BASIC PROVISIONS OF THE VISOAD OLYMPIAD

Virtual International Student Olympiad on Aircraft Design (VISOAD) is an individual
and team competition in the field of the aircraft design using a videoconferencing format. It
is to be organized for students from different countries, carried out in order to identify the
most talented, capable and advanced students.

Given the methodological, political and intellectual importance of this event, the
Olympiad is scheduled to be held under the auspices of the Ministry of Education of China
and the Ministry of Education and Science of the Russian Federation.
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Let us dwell on the key points that should form the basis of the future Regulations on
holding VISOAD Olympics.
1. General questions.
1.1. The objectives of the Olympiad:
- Formation of students' deeper professional knowledge and professional competences in
the field of aviation;
- The development of creativity and independent thinking;
- Identification of gifted students for the formation of personnel potential of enterprises;
- Attracting more entrants to the specialty related to the design;
- Attracting interest from companies in the process of training;
- Strengthening the links between universities and enterprises;
- Improving the quality of teaching of disciplines associated with the design;
- Improving forms of teaching;
- Establishing international cooperation at all levels (students, teachers, universities,
companies);
- Reinforce the skills of the English language (for the students of non-English speaking
countries);
- Instilling teamwork skills in the future graduates.
1.2. Organizing and managing the work of the Olympiad.
1.2.1. Institute of Design NUAA aircraft (Institute of Aircraft Design Technology of
NUAA) is the initiator of the misuse organizer VISOAD Olympiad.
1.2.2. To organize and manage Olympics Organizing Committee formed VISOAD.
1.2.3. Organizing Committee (OC) of the Olympiad and provides training directly to
its implementation.
1.2.4. Vice-Rector (Director of International Cooperation Office) heads the Olympics
Organizing Committee of VISOAD.
1.2.5. The OC develops Regulations and Rules of the Olympiad.
1.2.6. The OC creates online NUAA page dedicated to the organization and holding of
the Olympiad.
1.2.7. The OC sends the announcement of the Olympiad for all potential participants.
1.2.8. The OC provides an operational link with the Olympics participants, informs
team leaders on all matters relating to the organization and holding of the Olympiad, it
forms the basis of these tasks, prepares accounting documentation on the results of the
Olympiad, posts information on the results of the Olympiad on the Internet, prepares
Olympiads awards.
1.2.9. The OC members may be included employees of NUAA and other universities,
representatives of enterprises and companies that contribute to the Olympiad.
1.2.10. The OC forms the jury of the Olympiad.
1.2.11. The jury of the Olympiad are to be invited, and should include well-known
scientists from the field of design and designers from China and other countries.
1.2.12. The jury are to develop the challenges, including taking into account proposals
received from universities whose representatives will take part in this event.
1.2.13. The jury estimates the results of the tasks of the Olympiad, ranks the results,
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obtains the results for the OC.
1.2.14. The OC forms a Credentials Commission (CC);
1.2.15. The CC wverifies the credentials of the Olympiad participants, conducts
encryption and decryptions of the authors of works, checks the conditions of the
Olympiad according to develop Provisions.
1.2.16. The AC forms the Appeals Commission (AC).
1.2.17. The AC decides all disputes that may arise as a result of work on the part of
members of the jury. The Commission's decision will be final.
1.3. Participation in the competition.

1.3.1. Students studying in areas of training undergraduate and graduate programs
related to the aircraft industry can take part in this competition.
1.3.2. Participants are admitted to the Olympiad in accordance with the University
application submitted to the Organizing Committee in the period, according to the
Rules.
1.3.3. Any university in the world, dealing with training in areas of aviation, may enter
only one team.
1.3.4. The application shall include the team leader from among the teaching staff,
through which there is an interaction with the organizing committee, and a list of
commands with the composition up to 4 people.
1.3.5. Given that the competition can participate many different countries, and given
the lack of uniform requirements and common educational standards, the Organizing
Committee offers universities and other parties to submit questions in the following
sections of the Olympics:

— Aerodynamics and flight dynamics of the aircraft;

— The strength of the aircraft;

— Technology of production of aircraft;

— Construction and design of aircraft.
1.3.6. On the day of registration, the CC shall issue to each registered participant and
each team identification number to ensure confidentiality in the process of checking
and summarizing the competition.

2. The procedure for the Olympiad.
2.1. General provisions
2.1.1. Official language of communication - English.
2.1.2. The competition is held in the form of an online videoconference. During the
whole time of the competition, each team should be in an office at the university
equipped for videoconferences. Jury members monitor the work of each team in the
online mode of NUAA.
2.1.3. The Olympiad is held according to the received rules in individual and team
competition with evaluation of the results in three categories:
—" The Best Project of Flight Vehicle";
—" Best Team";
—"The Best Participant".
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2.1.4. The Olympiad is held in the terms stipulated regulations, and relevant orders
Confirmed.

2.1.5. Team members during the Competition may use any source of information. It is
necessary to give a link to each source used.

2.2. The content of the competition days.
The Olympiad is held on the circuit shown in Fig. 1.

3-d day | [+ | 4-th day IJ_, Summarizing

1-st day ‘ i ‘2'(1 day ”’ results

Formation Performance Evalution "
assignments assignments results Rewarding
Figurel: Schedule of competition VISOAD

2.2.1. Day 1 (NUAA) - Jury develops practical task for the competition for the "The
Best Project”

Sample task for practical competition.

At the level of the technical proposal to develop a conceptual design for an unmanned aircraft for remote
sensing of the northern sea routes on the track motion convoys in the area of the Arctic Ocean. Specifications:
weight target load - kg; range - km; speed - m / s. Special requirements: to provide for the possibility of
launching from ships and landing on a ship, trapped in a net system.

2.22. Day 2 (NUAA) - CC sends the task of the contest "Best LA Project" team
leaders who have passed electronic registration.
22.3. Day 2 (universities) - the team are to commence competition for the "Best
Project" in accordance with the Regulations. At the end of the time allotted for the
contest, teams send their work performed in the address of the Credentials
Committee.2.2.4. Day 2 (NUAA) - Credentials Committee, having performed works
and encrypting the sender transmits materials of the Jury, which proceeds to an
analysis of solutions.
2.2.5. Day 2 (NUAA) - The jury will be preparing competitive tasks for the individual
competition of the theoretical "best party" on the individual sections of design:

— Aerodynamics and flight dynamics of the aircraft;

— Strength;

— Production Technology;

— Construction and design.
The samples were targets for the divisions.
"Aerodynamics" section.
In the linear range of the polar angle of attack aircraft approximated dependence
Cxa: Can +A><Cya
where C,,= const (subsonic flow), 4 = const.
Find K., C,,;and Cy, ;.

Section "Strength"
How to distribute the shear force Q, between the walls of the wing spars between the first and second

longerons? The height of the spars /7; and H,.

Section "Production Technology"
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Features riveting and test for leaks.

The section "Construction and Design"
Design an algorithm of forming the structure that provides the perception and transmission of a given
production load — Fig. 2:

Figure 2: Example of specifying the section "Design and Engineering"

2.2.6. Day 3 - (NUAA) CC sends the task of the contest "The best participant of" team
leaders, which brings information to each team member.
2.2.7. Day 3 (universities) - team members begin to carry out the competition for the
"best party" in accordance with the Regulations. At the end of the time allotted for this
competition, team members send their work performed to the address of the
Credentials Committee.
2.2.8. Day 3 (NUAA) - CC, having performed works, reports to the Jury, which
proceeds to an analysis of the presented solutions.
2.2.9. Day 4 (NUAA) - CC together with the Jury proceeds to the evaluation of the
winners in the categories

—"The Best Project of Flight Vehicle";

—"Best Team";

— "The Best Participant".

3. Rules for sending jobs to university.

3.1. Prepared by the jury and approved by the OC, assignments are made in the form of a
text file.

3.2. After the online broadcast, CC is satisfied that the team gathered and stored in a room
designated for the Olympic Games, the team members have the appropriate badges, and the
premises are no outsiders, it sends the heads of each team competition tasks.

3.3. After getting acquainted with the tasks of all the participants, each manager
announces the start of the competition, from which the countdown begins.

4. Rules for execution of tasks and their references.

4.1. After receiving their identification numbers and files with job conditions, contestants
perform them within the allotted time, the Regulations of the Olympiad.

4.2. Any response must contain the reasoning and decision algorithm, without which the
final result of the decision of the Jury is not considering setting,

4.3. When assignments are allowed to use reference books and software products.
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4.4. Decorated solutions jobs before the time the tour is sent to the representative of the
CC, which transmits them to the jury for evaluation.

5. Evaluation of the results and conclusions.

5.1. General provisions.
5.1.1. Every contest section (problem, issue), the jury assigns a maximum score Mi, in
accordance with the level of complexity.
5.1.2. Evaluation of the i-th response j-th participant/team carried out according to the

formula
Sji=kiM,,
where ), 1s the number of points earned by the participant on the task i; M, is the
highest possible score for the i-th task; & is the coefficient of completeness of
response, which is defined by the jury for the following reasons:
k=1.0 — absolutely correct and fully reasoned response;
k =(0.8+0.9) — the right, but not reasoned response;
k=(0.6+0.7) — correct, but little reasoned response;
k=(0.5+0.6) — the answer is correct, but without sufficient justification;
k=(0.4+0.5) — incomplete answer;
k=(0.2+0.3) — response errors;
k=(0.2+0.1) — wrong answer, but the right move solutions;
k =0 — absolutely wrong response or lack of response.
5.2. Evaluation of results of competition on the "Best Project".
Project evaluation is performed for each of the sections of the formula
Ssz':ij
where j is command number; 7 is number of section of the project, i = 1, 2, .., N. We
propose content of the project to consider five sections (N =5):
i =1 —the general concept of the aircraft;
i =2 —aerodynamics and flight dynamics of the aircraft;
i =3 — the strength of the aircraft;
i =4 — production technology;
i =5 — construction and design of FV.

The overall assessment of the project of the j- th team SP]- is determined by summing

the results for each section of the project
SP ]-:Z,-SP i
5.3. Evaluation of the results of the contest the " Best Participant".

Overall estimation SI]- determined by summing the results of each participant, on all
dialed 4th divisions of competition: aerodynamics and flight dynamics of the aircraft; FV
strength; production technology; construction and design of FV

Sh=2,8";
5.4. Evaluation of the results of the contest "The Best Team".
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In calculating this competition assessment S'; account the results of the first team
competition and added to them the results of the three best participants of team scored in
the individual competition

SU=8+ S
5.5. After checking the jury sends the results to the CC, which carries the decoding of the
authors of all works.
5.6. Preliminary results are brought together representatives of the OC and the jury in the
allotted time limits.

6. Completion of the Olympics.

6.1. According to the results of the Olympic Games are determined winners in three
categories.

- 3 prizes for "The Best Project";

- 3 prizes in the competition - "The Best Participant";

- 3 prizes in the competition - "The Best Team".

6.2. The organizing committee is preparing a report that exposes the results of the
Olympiad on the site and sends the information to all the participants.

6.3. In case of disagreement with the results of the Olympiad participants estimate they
may appeal to the Appeals Committee after the announcement of the results. Commission
working time is determined by the Rules of the Olympiad.

6.4. After the approval of the results of the Olympic Games its winners are awarded with
diplomas and prizes.

4 CONCLUSION

1. The proposed methodology of the Olympic Games can be adjusted and supplemented
taking into account the specificity of each participating university Olympiad.

2. Of great importance to ensure the required level of the Olympiad will be attended by
companies and firms associated with the design and production of the aircraft.

3. After the Olympics on its results it is recommended to conduct a methodical seminar on
which a detailed analysis of the results achieved will be made, and made relevant
amendments.

4. This method with the corresponding corrections can be used for the competition in
other areas of study.
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Abstract.This paper deals with methods of teaching aircraft design based on the extensive
use of actual case studies to contribute to the consolidation of course material and
increasestudent interest and participation.

1 INTRODUCTION

The course Aircraft Design for students enrolled in Aeronautics is certainly one of the
most basic but italso quite difficult as it usually(more-or-less) unites almost all of the
disciplines which students learn in this discipline(Figure 1).
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Fig.1. Components of the discipline “Design”

Given the high degree of integrality of design as an area of study, it demands the commitment
of a large number of hours devoted to both the theoretical and practical aspects of the content.
This commitment is often seen by many students as not allowing enough breathing room for
its successful assimilation. In this regard, the teacher has to think about how to interest
students so as to attract the attention of often weary young people to interact with this difficult
field of study. It is no secret that every teacher believes that his discipline is the most
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important, but it is the student that has the rather difficult task of equally dividing his time
between all the courses that he has to undertake.

I think it fair to say that the design is not only a science but also an art.

Design, in addition to its scientific foundation, also requires that the student has some artistic
abilities. Maybe that's why General Designer of the Suhkoi Bureau, Mikhail Simonov, was
awarded the State Prize of the Russian Federation for technical design in the field of literature
and art for the Su-27. All over the world, this aircraft is perceived as a work of art. The
second prize was awarded to the Su-26 for sport and aerobatic aircraft. This aircraftis also
considered an example of high art - the art of aircraft design.

Figure 2: Beautiful Su-27 and Su-26 and fly well

A great aircraft designer said a simple but very accurate phrase about such aircraft (Fig.2)
— "Only the beautiful planes fly well".

So, how do we help the students, the future designers, learn how to create beautiful
airplanes?

How do we attract them to the complex, but surprisingly interesting Good fly only the
beautiful planes of design? How do we encourage and foster informal learning? An essential
element is the interest of the students.

One idea is for the teacher to use real-life examples during the course of teaching design
to provoke interest. Often when a student begins to hear about the comic and sometimes tragic
cases that occur with projects or with aircraft in service, a previously dormant interest is
awakened and the students begin to show real interest, sometimes to an animated degree.
There are many reasons why this happens:

Firstly, much of the subject to be covered is theoretical and of a purely scientific nature, so the
application or reality of it may not necessarily be immediately obvious to the student. The
teacher, more often than not, does not have enough time to cover 100 percent of the course
material. The onus then, lies with the student. Since aviation has become a necessary and
commonplace attribute of modern life of which most students will have taken part in, the very
use of this most rapid of transport systems by the student should cause them to wonder, "what
if..." This is a most interesting thing for the teacher to hear, as the student is thinking of things
that they would have not previously considered, whether it is an aspect of design, operation,
malfunction, or simply as in to use the equipment or vehicle as a passenger.

So, the purpose of the examples which we might use from the very beginning should
make the course more attractive, interesting and informative.
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Figure 3: The life cycle of the aircraft through the creation of an acrospace plane (ASP)

Moreover, the analysis of these situations may apply to all stages of the life cycle of the
aircraft: design at all stages (development requirements and the formation of technical
specifications, the technical proposal, preliminary design, technical design); production;
testing and refinement; exploitation; after the operational period — Fig.3

2 EXAMPLES AND ANALYSIS

Let us discuss some memorable examples that can be used in teaching the course Aircraft
Design in its various sections.

Example 1. Selectingan aircraft concept.

The purpose for which a Flight Vehicle (FV) will be used largely determines its general
configuration and systems. This is essentially the beginning of the project and it includes the
selection and mutual spatial link parts of the whole system, its components and assemblies,
their external forms and construction, design of the crew spaces, passenger and cargo areas
and capacities, equipment, fuel and engines. Referring to the most expensive aircraft, which
took 12 years before the first flight, which operated for 30 years and during this time
continued to be refined, and then took its rightful place in the best exhibition halls. It is the

reusable aerospace system, the Space Shuttle. Figure 4.
W= /‘ f F

Figure 4: Changing the concept of reusable system "Space Shuttle" in the design:
a —model at an early stage; b — the final version of the system

From Fig. 4, we see how dramatically the appearance of the aircraft can change during
concept development. The reason in this case was the significant reduction in funding for this
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program. Developers analyzed hundreds of different options ranging from fully saved with
LRE and SRE, with various forms of ASP wings, with the possibility of using a turbojet
engine in the return phase of flight. As a result of lower funding, designers had to
significantly reduce the mass of the system, so that all of the sustainer fuel for the liquid
rocket engines was held in a disposable fuel tank. In the final version of the Space Shuttle, it
took the form shown in Fig.4b.

Example 2. To select the FV layout.

Modern aircraft design has evolved to the point now where is a fairly stable range of
possible conventional forms of aircraft, designed for a multitude of different purposes.
History however, as even a brief internet search will reveal, shows many examples of aircraft
design that most definitely do not fit into the conventional design basket. A brief stop to
inspect some of these interesting creatures is assured to greatly enliven any audience, no
matter how tired they may be.

The examples in Fig.5-6 may also contribute to the development of the students'non-
standard thinking, a quality which may prove useful in creating breakthrough projects in
which traditional schemes have already been proven ineffective.

Figure 6: Examples of the use of aircraft with different schemes of: a—c — wing;
d — f~ fuselage; g — h— feathers; j - 7 — landing gear

Example 3. Atmosphere in a spaceship.

When the concept of a manned spacecraft was conceived, the most fundamentally
important question to be answered was that of the atmosphere inside the spacecraft's cabin.
Since neither Soviet nor American designers had any actual experience in the matter, they
unsurprisingly followed different paths to solve the problem.
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American ships' life support systems were calculated at 0.035 MPa pressure. In
preparation for the start, and at the start of the flight, the atmosphere in the cockpit consists of
60% oxygen and 40% nitrogen, the mixture in the air vented and replaced by pure oxygen.
Soviet ships were designed with an on-board atmosphere, composition and pressure close to
that of the earth.

This begs the question: "which is better?"... not an easy question to answer. The American
designers started from the principle of "less": on the positive side the design meant lower
weights overall, but on the the negative side, the volatility of a pure oxygen environment
greatly reduced fire safety. The large mass of Soviet ships reduced the fire problem in the case
of a short circuit, leakage of fuel and other emergency situations that may present the
possibility of a fire.

The susceptibility of the American system to the very real dangers of an on-board fire
were sadly realized on January 27, 1967, when, during a ground test on board Apollo 1, a
short-circuit led to an instantaneous ignition of the pure oxygen environment. Other
flammable items in the crew space - nylon netting and foam pads - also quickly ignited. The
entire crew: Virgil Grissom, Edward White and Roger Chaffee, trapped by a cabin door
system that was difficult to operate, especially under duress, all perished in an instant. It
became clear that this fundamental problem could been solved on a conceptual level, but at
this stage it was too late to redesign the ship. Nevertheless, the Apollo flight program
successfully completed 6 manned moon landings.

The problem emerged again on during the Apollo 13 moon mission. This expedition can
be viewed in any training course as an example of the courage and heroism of the astronauts,
the ground crew and the leaders of the flight, and the ability to adapt and solve intense and
difficult problems under extreme duress.

On April 11, 1970, the Apollo 13 mission launched from the Kennedy Space Centre in
Florida. On April 14, at a distance of approximately 330,000 km from Earth,one of three fuel
cells, cryogenic oxygen tanks, in the Service Module, exploded. The subsequent failure of the
remaining two fuel cells (within about 3 minutes of the initial explosion) that provided the
power supply to the Command Module of the crew compartment meant that the crew had to
move into the Lunar module to survive. Using the undamaged engine and the moon's
gravity,the Apollo 13 crew adjusted the ships trajectory so that after the orbit of the moon, the
ship successfully returned to earth.

,,,,,
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Figure 7: International space docking July 17, 1975 and their festive space dinner
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Example 4: Historical docking in orbit

An interesting solution was arrived at by Soviet and American designers with the
historical event of the first international ships docking in orbit, Apollo 21 and Soyuz-19 July
17, 1975 - Fig. 7. A serious problem was the different pressures within the spacecraft. To
solve it, a compartment was added to Apollo where the Lunar Module would have normally
been situated. After docking, the pressure in this compartment was increased to 520 mm
(from 280 mm. of mercury). In the Soyuz, working pressure was reduced to 520 mm. The
command module of Apollo remained at its normal level of (low) pressure but it had to be
sealed for the duration of the docking with a single astronaut inside.

In terms of methodology, it is an interesting task for practical lessons about design, when
students are invited to solve a particular problem, followed by an analysis of the advantages
and disadvantages of each of the proposed options. For example, when analyzing the weight
of spacecraft structures, one method would be to investigate the advantages and disadvantages
of the reduced structural mass allowed by decreasing the internal pressure, as opposed to the
effects of the increased structural mass required to accommodate the higher internal pressures
of an earth-like atmosphere.

Example 5. rescue crews in emergency situations

To create plenty of student interest when studying military aircraft, the analysis of the
issue of emergency crew evacuation will generate a lot of spectacular images. There are
numerous positive examples that one could use, as well as some controversial ones which
may cause the student to reflect somewhat longer.

One such example is the crew emergency evacuation system for the Tupolev Tu-22
supersonic bomber (Figure 8).

Figure 8: The Tu-22 and its ejection scats
In a complete reversal of conventional thinking, the three ejectionseats of the Tu-22are
fired downwards. This creates severe height restrictions when ejecting from the aircraft. Crew
ejection can only be attemptedabove 230-245m in horizontal flight, and 340m in the planning
with the engine off. For emergency evacuation from the airplane after a belly landing or other
emergencies that might occur on the ground, the crew of three would have to use the top
hatches. As they say “The rescue of drowning is the handiwork of drowning”.
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Figure 9: Aircraft created in Tupolev’s Design Bureaus

Unusual ejection procedures aside, overall the Tu-22 was not considered a success. The
aircraft was very difficult to fly, had uncomfortable seats, a much higher landing speed than
previous aircraft, and very poor all-round visibility that significantly impeded the pilots'
ability, particularly during takeoff and landing. The plane did not forgive the slightest error of
pilots. Pilots nicknamed the plane "awl", which indicated a mutual dislike between aircraft
and pilot. General Designer Andrey Tupolev hadcreated more than 300 projects, most of
which have been implemented (Figure 9), but he considered this aircraft one of his most
unfortunate. As the saying goes, "every family has its black sheep." However, thanks to the
lessons learnt from these errors,Tupolev’s design Bureau were able to create such unique
bombers like the Tu-22M3, Tu-160, some of the characteristics of which are still considered
the benchmark for that type of aircraft.

Example 6. From ancient times to the present day

Any section of design can be made more fun and interesting by analyzing the historical
development of the topic. Another example is also associated with the concept of an
emergency ejection system from aircraft (Fig.10-11). After the disaster of the Challenger
space shuttle, which exploded shortly after take-off with seven astronauts on board, the
developers went back to looking at emergency rescue systems.The new space shuttle,
Columbia, was fitted with ejection seats for two crew members, but even though the space
shuttle system has been retired, the question of how to provide a conceptual solution to the
problem of safely leaving the reusable spacecraft in the case of emergency situation at all
altitudes and speeds remains a viable challenge for future designers. (Figure 12) This issue
still requires careful consideration and you can offer students a wide field of creativity for
their unblinkered consciousness to come up with answers.
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Figure 10: First Figure 11: Detachable Figure 12. Astronauts Rescue System
rescue system for cockpit F-111 on the shuttle "Buran"
balloonist

Analysis of aircraft accidents clearly shows that most of the problems come down to
human error. Most often, these incidents are attributable to failures in communication.
Miscommunication is the leading factor in over 70% of runway incursion incidents: pilots,
controllers, maintenance staff and the like moving around airports, must use radios and other
electronic devices to communicate, and mishearing or misunderstanding directives or
messages can lead to disaster.

An example of such a fatal mistake — the largest aviation disaster in the world, occurred at
Teneriffe in the Canary Islands in 1977. A collision between two Boeing 747s, KLM 4805
which was taking off, and Pan-Am 1736 that was taxiing toward him on the runway killed
583 people. The runway was shrouded in thick fog and the taxiways were clogged with
parked aircraft that had been diverted there due to a bomb explosion at their destination, the
nearby Las Palmas airport. The KLM Captain made the disasterously mistaken assumptions
that the runway was clear and that they were cleared to take off. Neither assumption was
correct and the KLM 747 struck the Pan Am jet at approximately 260kmh, resulting in
everybody on KLLM being killed, with 61 survivors from the Pan Am aircraft.

It was this single disastrous accident that reinforced the reality that pilots and controllers
rely almost exclusively on voice communications, and that effective verbal communication is
essential for ensuring safety in civil aviation. As a result, a standardized phraseology for
aviation has been developed, focusing on an absence of grammar, complexity and ambiguity,
and consisting of simple, clear messages that are sufficient to communicate 95% of what
pilots and controllers need to say to each other.

Human error can also be a factor in areas where the aircraft has suffered some kind of
failure of its systems or structure. Graduating students are often lead to find work at airports,
being involved in repair or maintenance. Both of these areas are vital in maintaining the
reliability and integrity of the original design.

To use another tragic example, I draw your attention to the 1985 crash of a Japan Airlines
Boeing 747. Due to a poor quality repair from a tail-strike incident during landing some 7
years earlier, the aircraft suffered a major structural failure in flight, and the resulting crash
claimed the lives of all but 4 of the 524 people on board. It would seem that in such situations,
the designer is helpless, as not only were correct procedures to effect the repair not followed,
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but the inspection of the repair work did not reveal the improper repair, and the aircraft was
put back into service.

However, to reduce the risk of possible structural failure, it is no coincidence that
experienced designers always considered various kinds of non-standard situations to ensure
their designs are foolproof. Before the widespread advent of computers, designers were forced
to be more sensitive to the practical aspects of construction and maintenance. Now, a fair
greater amount of time is dedicated to analyzing results of design arrived at by computer
modelling. Sometimes, this has had the opposite effect of actually making the design process
more complicated rather than making it easier.

However, as in the past (in the pre-computer era), much depends on a confluence of
circumstances, as is often said, "from the fate."

Which brings us to our next example:

Example 7.Freezing o-ring seals: the Challenger catastrophe

On the morning of 28th January, 1986, temperatures at the Kennedy Space Centre at Cape
Canaveral, Florida, had dropped below freezing. At 11:38am that morning, after a six day
delay due to weather and technical problems, the 25th space shuttle mission was launched.
The launch had attracted more media attention than usual, as it was carrying the first school
teacher to go into space. Christa McAuliffe was planning to give lessons to children in
schools throughout the US while she was in orbit.

Earlier, engineers had warned their superiors thatthe rubber O-rings that sealed the joints
of the shuttle’s solid rocket boosters were vulnerable to failure at low temperatures. However,
these warnings went unheeded, and Challenger lifted off. 73 seconds into the flight, amid
great columns of smoke and fire, Challenger broke apart before the disbelieving eyes of the
hundreds of onlookers (including the families of the crew) who had gathered to watch the
launch, as well as the millions watching on live television, and plunged into the ocean. All
seven astronauts on board had perished in an instant.

The destruction of the aircraft was caused by damage to the sealing ring on the right solid
rocket booster. The resultant hole in the side of the booster, and a powerful jet stream in the
direction of the external fuel tank destroyed the tail mount of right solid rocket booster and
the load-carrying structures of the external fuel tank. Elements of the complex began to move
relative to each other. This was followed by the destruction of the external fuel tank and the
detonation of the fuel components.

At the conclusion of the commission of inquiry into the disaster, it was found that NASA
managers had not paid enough attention to the potentially dangerous effects of the failure of
the sealing rings. They also ignored warnings about the dangers of launching the ship during
periods of very low temperatures, as were experienced on the morning of the launch.

The commission also found that Morton Thiokol, the company that designed the solid
rocket boosters, had ignored warnings about potential issues, and that NASA managers were
aware of these design problems but also failed to take action.
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Legends: A - steel wall 0.5
inches (12.7 mm) thick

B - base O-ring gasket,

C - backup O-ring gasket,
D-Strengthening-Cover
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G - carpeting,

H - sealing paste,

I - fixed propellant

b

Fig. 13. The Challenger disaster: a - the appearance of smoke
in the compound of the lateral sections of the booster on launch; » - burn-wall accelerator;
c— simplified cross section of the joints between rocket sections.
(photosfrom Wikipedia)
Thus the root cause of the problem that precipitated this whole tragic chain of events lies
in the fact that the designers designed a poor system to connect the different sections of the
solid booster.

Example 8. Thermal protection concepts

The second Space Shuttle disaster almost forced the premature closure of the entire Space
Shuttle program. The main culprit for this tragedy was the unreliable operation of the Thermal
Protection System (TPS) of the spacecraft during re-entry.

On 1 February 2003, shortly before the successful completion of the 107™ Space Shuttle
mission, air-spacecraft Columbia, carrying seven astronauts, disintegrated during re-entry to
the earth's atmosphere. The main parts of Columbia's TPS consisted of tiles of thermal
insulation foam made from ceramic fibersable to withstand temperatures of up to 1250°C, and
carbon-carbon panels on the leading edge of the wing, rated to withstand temperatures of up
to 1650°C. The lower boundary of this corridor is associated with two restrictions: strength
restriction defined by the maximum normal overloadn,<2.5 and thermal restriction connected
with the maximal temperature of the vehicle surface T,,,<1650°C (Fig.14, a).

According to official report, a flow of hotgas of several thousand degrees forced its way
through a damaged thermal insulation tile on the leading edge of the left wing and into the
wing structure. The load-bearing structure of the wing sections were made of aluminum alloys
which, without insulation, would start to lose their load-bearing capabilities at 300°C, and at
650°C, would start to melt and disintegrate. Mission control noticed abnormally high
temperatures coming from sensors in the left wing, and then increasing tire pressures in the
landing gear, followed by the loss of the sensors.

With a temperature now several times that of which it could withstand, the wing structure
began to break up and then separate from the ship, resulting in Columbia rolling and bucking
out of control. Evidence indicates that the crew was conscious at this point and aware of the
increasing temperature and loss of control, however at an altitude of 60 km and a speed of
20,160km/h (5.6 km/s), Columbia's main cabin structure began to break apart some 40
seconds after the separation of the left wing. The immediate depressurization of the crew
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spaces as they broke apart meant that the crew were knocked unconscious or killed at that
instant.

If we return to the launch of Columbia's final mission on 16th January 2003 (Fig.14, b), it
was found that at an altitude of 20-km, a piece of insulation 0.5x0.375x0.125 m was shed
from the pylon of the external fuel tank of the Shuttle, which at this stage of the flight was
moving at 785 m/s. The piece was entrained by the streamlining flow and reached
acceleration of 10g relative to the Shuttle. Having passed almost a half of the spacecraft's
length and having attained the speed of about 220 m/s, the foam hit the left wing's leading
edge and crumbled to pieces.

This process was simulated in the laboratory afterwards using a gas gun, and the results
shocked everybody. A large hole was punched in the carbon thermal insulation of the
horseshoe-shaped leading edge of the wing. It is impossible to reproduce a real flight
inlaboratory environment, but all the same one can not get rid of the feeling that
experimenters had overdone it.

This disaster can be used to deal with different perspectives: reliability, durability, heat
transfer, and overall design. However, the question as to the ideal thermal protection
systemremains.
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Figure 14: The Columbia disaster: a — trajectory of re-entry of orbiter;
b — chain of events that disrupted the thermal protection system

It is unacceptable responsible places design errors. It is no accident the safety factor
increases for them. But, as experience shows, the error is almost always inevitable. The
question is how to be on time to find and fix.

In some cases, the absolute best design errors are invisible and can be shown not at once,
or only when a particular set of circumstances.

Example 9. Fatigue design.

In 1972, an Antonov An-10 carrying 122 people, began its approach to land at Kharkov
airport, Ukraine. At an altitude of 1700 meters, the ship suddenly began to crumble apart.

The investigation showed that the cause of the disaster was a massive structural failure of
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the center wing section due to a fatigue crack in the lower central wing panel. The crack
began to grow rapidly in both sides of the panel and then moved to longerons. As a result,
both wings separated from the fuselage causing the fuselage to crash into a wooded area
below.

The An-10 was designed for general technical resource of 20,000 flight hours and 12,000
cycles. At the time of the incident the aircraft had been in operation for 11 years, and had
flown about 15,500 hours, completing more than 11,000 cycles. Following this accident, an
investigation revealed fatigue cracking of the wing centre-section stringers on many of the
remaining An-10s in service. The operator of the aircraft, Aeroflot, withdrew the An-10 from
passenger services. 25 an-10aircraft deemed to be in good condition were transferred to the
VVS (Soviet Air Force) and other government units, but even these remaining aircraft were
retired by 1974, with many examples being donated to museums, parks and several were
converted into childrens' theatres.

Example 10. Wear design

The Yakolev Yak-42 is a three-engined, low-wing, all-metal monoplane with a design
lifespan of 30,000 one-hour flights. With a passenger capacity of around 100+ people, it was
designed as a short-medium haul airliner which came into service at the end of 1980. Not
unusually for aircraft with rear-fuselage mounted engines, the Yak-42 featured a T-tail, an
emmpennage configuration where the tailplane is mounted on top of the vertical stabiliser.

In 1982, an Aeroflot Yak-42 crashed in Belarus, killing all 132 people on board. The
cause was found to be a failure of the aircraft's jackscrew mechanism from metal fatigue
which resulted from flaws in the Yak-42's design. The failure of the mechanism and resulting
loss of control put the aircraft into a steep dive thus exeeding the aircraft's design loads, at
which point it began to break up mid-air. The accident aircraft had only been in service for
less than a year, with approximately 800 hours total flying time. As a consequence, all Yak-
42's were temporarily withdrawn from service until the design defect was fixed, returning into
service some 2 years later.

This crash has haunting similarities to the crash of another T-tail aircraft in 2000, the
McDonnell Douglas MD80, flown by Alaska Airlines. Once again, the jackscrew failed and
sent the aircraft into a steep dive. Initially the pilots were able to regain control and make
plans for an emergency landing. However, shortly after stabilising the aircraft, the jackscrew
failed completely. The pilots were unable to control the aircraft, and it dived inverted into the
Pacific Ocean, killing all 88 on board.

In both cases, the design and maintenance of the jackscrew and acme nut assembly were
found to be at fault. In the Alaska Air case, an Alaska Air mechanic had recommended in
1997, 3 years prior, that the jackscrew mechanism in the accident aircraft be replaced due to it
showing excessive wear. This recommendation was ignored and the aircraft continued in
service, and the inadequate maintenance procedures followed by the airline continued until
uncovered by the resultant investigation.
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Focus of crash

Figure 14: Aircraft An-10 and Yak-42 with a difficult life

3 CONCLUSION

We could continue to recount similar examples almost indefinitely, all of which can be
useful in varying degrees, to those who seek to study the art and discipline of design, and to
those who want to create systems, be they simple or complex, and make them as safe and as
effective as possible.

Communicating with students who have graduated from university more than 30 years
ago, many say that such examples still remain in their memory and are still a good guide for
for them as they progress through a career in design.
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Abstract. Chinese Aerospace Engineering is currently in a phase of rapid development which
puts the highest demand for highly skilled professional engineers. In particular, the current
cooperation with Russia has revealed the need of tailoring the Chinese educational process to
better understanding of Russian airworthiness management system. The paper describes
typical difficulties faced by Chinese and International students throughout their learning of
Russian regulations. They have been found to be: two general types of regulations used in
Russia, many separate agencies responsible for aircraft airworthiness management instead of
one national aviation authority, and continuing reorganization attempts, not harmonized
structure of some Russian aviation regulations as compared to other unified regulations,
intersections in effectiveness, wider range of certificates issued, very different Aircraft
Operation management system, language barrier in explanatory materials and websites. The
paper also briefly introduces typical tasks and ways of Chinese educational system
improvement and its pointing towards better command of the topic.

In the past, China was just an operator of aircraft purchased from overseas. But lately,
China has become one of a group of countries which are able to design and manufacture their
own aircraft from the very beginning of the process to its final stage. At this point in time,
COMAC Aircraft Company (' E 7 FH WHLA PR 51 £ A 7)) has already developed ARJ21
and C919 airplanes. Currently, their work has been extended to a new long range wide-body
commercial airplane (C929/ C939) in cooperation with Russia.
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This should be taken into account for further improvement of educational background of
Chinese students and for raising the professional skill of aircraft company staff. Now, not just
aircraft airworthiness maintenance management is important for their education but also the
entire aircraft development process along with aircraft airworthiness substantiation. An
airplane cannot enter service unless a manufacturer has demonstrated that an airplane
complies with applicable airworthiness regulations and a national aviation authority agrees
that they’ve been met.

As the development process involves Russia as a foreign country, Russian airworthiness
regulations have to be additionally taken into consideration. This is the reason why new
courses on Russian regulations have been introduced to Chinese college students and to
visiting professionals from Shanghai department of COMAC Aircraft Company. However,
the methodology of teaching and working with Russian regulations is different for Chinese
students due to their dissimilarity from well-studied Chinese Civil Aviation Regulations
(CCAR) and worldwide known Federal Aviation Regulations (FAR) of the U.S A. or
Certification Specifications (CS) of the European Union.

Russian regulations include (1) Aviation Regulations (AP; Russian: ABuanuoHHBIE
IIpaBuna, transliteration: Aviatsionnye Pravila) [1] issued by the Interstate Aviation
Committee and being effective in all member countries of the interstate treaty. (2) Numerous
Orders of different Russian ministries and agencies united into a set of documents named
Federal Aviation Regulations (FAP, Russian: ®enepanpHble ABuarmonsasie [Ipasuia,
transliteration: Federal’'nye Aviatsionnye Pravila) [2-8], being effective in Russia
exceptionally, and mainly used for aircraft operation. Such a confusing name of Russian
Federal Aviation Regulations (FAP) sounding completely identically to American Federal
Aviation Regulations (FAR) has been grounded on the fact that the full name of Russia has
been the Russian Federation. All Russian governmental agencies hold the Federal status, that
is why the word “Federal” has also come into the name of Russian regulations. To avoid
misunderstanding, the abbreviation “FAP” has been established based on the authority’s name
transliteration from Russian language.

The organizational structure of authorities responsible for aviation regulations is also
different in Russia comprising 7 separate Agencies instead of one national aviation authority
which is common in other countries. They have been:

(1) the Interstate Aviation Committee [1],

(2) the Government of the Russian Federation [2],

(3) the Ministry of Transport [3,4],

(4) the Ministry of Defense [4,5],

(5) the Russian Air Navigation Agency [6] (abolished in 2009),

(6) the Russian Aerospace Agency [4] (the present name is the Roscosmos State
Corporation for Space Activities, Russian: Pockocmoc, transliteration: Roscosmos, English:
Russian cosmos),

(7) and the Federal Aviation Service [7], later in 1999 renamed to Federal Air Transport
Service [8] (the present name is the Federal Air Transport Agency (Rosaviatsiya), subordinate
to the Ministry of Transport, Russian: PocaBmauus, transliteration: Rosaviatsiya, English:
Russian aviation).
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In November 2015, it was announced and the certain governmental order [9] had been
signed that the Russian Airworthiness management system would be reorganized,
responsibilities would be redistributed among only 3 agencies involving more new names to
the list:

(1) the later known Ministry of Transport

(2) and the Federal Air Transport Agency (Rosaviatsiya), subordinate to the Ministry of
Transport,

(3) and a new name of the Ministry of Industry and Trade.

The learning of the regulation management system by Chinese and International students
has been found to have certain difficulties as regulation content is arranged into parts
differently from Chinese regulations which have been harmonized with the worldwide
commonly used structure of regulations. It’s worth noting that Aviation Regulations (AP) do
not have as many parts as American FAR regulations do. However, they follow the typical
content structure of American FAR regulations which has been an outcome of a continuous
harmonization process started in 1990s by the Interstate Aviation Committee [10].
Meanwhile, Russian Federal Aviation Regulations (FAP) have been issued with absolutely
own structure which is assumed to be a result of distribution of Airworthiness management
responsibilities among separate agencies. In addition, these two general types of Russian
regulations both have their own limitations in use restricted to particular conditions, on one
hand, and intersection in effectiveness force, on the other hand.

The kinds of certificates are of a wider variety in Russian Airworthiness system. For
instance, they include such special kinds as Type Certificates for radio communication
facilities, Type Certificates for meteorological equipment, Medical center Certificates, and
many other titles [11] in addition to well known Type and Airworthiness Certificates.

It’s worth highlighting that the Aircraft Operation management system is controlled by
Russian Federal Aviation Regulations (FAP) only. The operation related documents are very
different from American or European regulations as they display their own content structure
[2-6,8] not following typical operation regulations like the American FAR parts 91, 121, and
135. This is why the Russian system doesn’t have anything like Aircraft Evaluation Group
(AEG) which has been commonly used for determination of operation and maintenance
acceptability by national aviation authorities of many countries including China.

The language barrier is also experienced not only because Russian regulations along with
relevant documents have always been issued in Russian language, it’s obvious to any national
aviation authority, but also due to a lack of explanatory materials and accurate English
translation for news information on a number of official Ministry websites.

The above-mentioned key aspects are summarized in a totally different structure, and the
contents and effectiveness of Russian regulations are not fully harmonized with the unified
American or European Union regulations. This has created the highest concern and has been
well highlighted during class teaching. The students’ learning has benefited from the
analytical study of a range of application and influence through part-to-part comparison of
corresponding regulations in Russian and Chinese document space. The key roles of Russian
ministries and agencies have also been subjected to a deep study for clearer understanding of
their interaction in airworthiness matters.
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Abstract. The objective of this paper is to analyze the existing method of aircraft lift surfaces
integrated design, and the proposition for its improvement, taking into account the criterion
of reducing induced drag, and also to implement this method into the learning process. This
method can reduce the costs of design, as well as allowing the optimum wing geometry on the
minimum induced drag criterion. The proposed method takes into account the traditional
approach to the design of aircraft and it also allows for the deep aerodynamic requirements.
Using this method will allow students to better understand the aerodynamic characteristics
depending on the geometric parameters of lift surfaces.

INTRODUCTION

Creating a transport category airplane is a very time consuming task. There are high
demands on this type of airplane in relation to their efficiency, economy, durability,
reliability, operability, etc.

The learning of students-designers of aircraft is based on modern principles of
designing aircraft. It must take into account all engineering tendencies that occur over time in
the aircraft industry.

Consider one of these designing directions.

The geometric parameters of the wing and tail units are determinated at start of design
process in this way [1,2]: external dimensions — operation loads — inner geometric
parameters —> airplane weight — service life — integral efficiency indicators of the airplane
(with some iterations of designing stages). It is very important to calculate the next values:
area of the wing Sy, wing aspect ratio A, wing swept angle yw, wing taper ratio 1y, area of
the horizontal surface Sy and area of vertical surface Sy, horizontal surface aerodynamic arm
Ly and vertical surface aerodynamic arm Ly, which will be near their final values and will
provide successful airplane operation.
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Wing S,

Vertical
surface S,

Figure 1: Base Geometric Parameters of Airplane and Geometric Relationship
of Airplane Units

The important part in the tasks of the lift surfaces geometric parameters determination
two factors impact:

1. World statistic data on the airplane-analogs, having been operated;

2. Own data on previous airplanes

But with this data available in traditional designing way the multi-iterative designing
is obligatory: statistic preliminary geometry — checking calculations — corrected lift
surfaces geometry — recalculation — new arrangement of lift surfaces.

This way of determination of the geometric parameters of wing and tail unit is not
only very time-consuming and expensive, but does not exclude the mistakes in taking
decisions during final design.

Specifications requirements
and customer requirements

Airplane general view K

v

—_ Statistic preliminary geometry
of lift surfaces

U

Aerodynamic
characteristics:
- checking calculations
- results of wind-tunnel tests,

v

Corrected geometry —
= parameters of the lift surfaces

v

Figure 2: Layout of the Direct Task Solving on the Determination Geometric Parameters
of Lift Surfaces

World statistics on the aircraft
Database of Developer company
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FORMULATION OF THE INVESTIGATION PROBLEM

A new method is proposed, one which can decrease a number of designing mistakes
and time consuming problems. This method is based on the determination of geometric
parameters of lift surfaces taking into account the relationship between the partial
aerodynamic indicators and the integral competitiveness indicators at the preliminary
designing stage. This method is also proposed for the student to understand more deeply the
relationships between the external geometry of airplane and the integral competitiveness
indicators.

METHOD OF SOLVING THE TASK

The layout of the method is shown in Figure 3. The scientific mean of it consists from the
next fact: to solve the inverse designing task — to determine the geometric parameters of wing,

such as them, 7, Zs, Su, £°(z) and tail unit as the §hls, S. ., Lis, Lys by the partial aerodynamic

V.82

indicators — shape ratio Ky, m, ratio of inductive drag increment B,,, minimum possible specific
tail area S, . and taking into account the specific features of their arrangement.

t.u.min

This method does not replace the traditional method but rather, adds to it due to the
determination of more rational parameters at the preliminary designing stage [1,5].

The specific features of the lift surface are specified due to the requirements of
arrangement in the real structure. Due to those requirements in the real structure, additional
design members are presented: break of the wing, extension of the wing, etc. Those design
members influence the geometric parameters of lift surfaces, such as aspect ratio [3,4] and so
on. So, it is necessary to modify them from the point of those design members.

KawMi, S.sZo(s Aot AS,,Z..,Z..) = Kahe, (1)

ext> “eng> “cs

Bm(nc, KS,E(Z) , 7\«ef, Agext) = Bmin (2)

where

Ksh.w — real shape ratio of the wing;

K. — shape ratio of the elliptical wing;

B — ratio of the inductive drag increment of the modified wing;

Bumin — minimum possible ratio of the inductive drag increment of the wing;
Nw — taper ratio of the wing;

T; — taper ratio of the wing section of the composite planform wing;

z., — relative coordinate of the brake of the wing spanwise;
z.,, — relative coordinate of the engine at the wing spanwise;
z,, — relative coordinate of the wing central section;

At — effective aspect ratio of the wing;
AS,,, — extension specific area of the wing;

K. — general twist angle of the wing;
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€(z) — relative twist angle of the local chords by the wing span.

N3 Mis Aot et Zesis Ses; €1(Z1)

Specifications requirements
and customer requirements K :B-:S

sh.m> m> “~tumin
2 & |
43 ASN {
q,L,a

Airplane general view
f{> Base geometry ., S.
of the lift surfaces
R Bz, Boeai The partial aerodynamic

efficiency indicators
of the lift surfeces

v q, L, a| The integral competitiveness

Optimized geometry o :
of the lift surfaces <_— indicators of the airplane

L 13 Mis Aty Zoui}, oy B2 ] v Bis Sz A B

World statistics on the aircraft
Database of Developer company

of the transport category

Figure 3: Layout of the Method of Solving the Inverse Task of Determination
of the Geometric Parameters of the Lift Surfaces at the Preliminary Designing Stage
by the Partial Aerodynamic Indicators and Integral Competitiveness Indicators

So, in the process of determination by this method, also it is necessary to take into
account this next relationship: the wing influence on the tail unit and vice versa. This
relationship usually is estimated by the equation [2]:

S

t

(=545, =A, ey p ®

v.s
h.s V.S

where
S,., — specific area of the tail unit;

S .S _ —specific areas of the horizontal and vertical surfaces;

hs?™vs
A, ,,B, , — static moment rations;
Lh.s’
Bm.ac, Lw — mean aerodynamic chord and wing span.
The proposed method is based on the combined solution of the equations (1), (2) and
(3). The idea of their relationships is based on the geometric parameters of the lift surfaces

influence to the lift-to-drag ratio, which in turn, determines the next integral competitiveness
indicators: maximum flight range, fuel effectiveness, etc.

hs?
L, . —horizontal and vertical surfaces arms;

138



D.V. Tiniakov

q7 L) a7 Bzcy = f(K>h.m7 Bmﬁ h.s> B\ \)
Iél Compe- e Graph «cargo - range», L
§‘“ titiveness | o Fuel efficience, q

s indicators | ¢ Tonne - kilometer costs a

Geometric parameters — (Sd, B s Mo Zgs Dot s(z)
of the lift surfaces B A B 1L

Figure 4: Layout of the Relationships between the Partial Aerodynamic Effectiveness
Indicators and the Integral Competitiveness Indicators

h s> Mvs? h.s>

It is possible determine the integral fuel effectiveness indicator not only by the general
parameters of airplane (mio, Crers Ver, Npas), but by the geometric parameters of the lift

surfaces (Sef, Mm» Nis Aefs gext s Zoxty BCZ)):

quel f(mt 0> Cfcr, Vcr, npas: CLa Sef, )\'Cfa Nms §ext 5 zext.m’ 8_m(Zi))c (4)

Partial criteria:
=K, . B,=B

sh.m ~sh.e? m1m

S

K

t.u.min

l

Inductive drag:
Cxi(Sef’ nm7 ni’ Sr-si’ Zr—s.nv Som(zi))

l

Lift-to-drag ratio:
K(CU CDO’ nm’ nl’ Sl sio rsm’ € m(Z )) R

l

Fuel efficience of the airplane:
1 I S R R, K

t.0% cr’ pas?

Sef7 nmﬁ nn Sr si2 rxm’ € m(Z)

— min

— min

Figure 5: The Layout of Providing the Optimal Fuel Effectiveness Based on the Selection
the Optimal Geometric Parameters Depending on the Partial Aerodynamic Indicators

This relationship (in full measure) demonstrates the influence of the geometric
parameters complex on the fuel effectiveness indicator.

Analog relationships are set for the other integral competitiveness indicators with the
partial aerodynamic indicators for transport category airplanes.

The stages of realization of this method are shown in Figure 6.

As the initial fixed parameters are taken, the calculated value of the wing area and
aspect ratio are determined at the previous stage in consideration of the purpose of the
airplane and the general requirements of it.
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The next generation of geometric parameters of lift surfaces consists of five steps.
These are parts of the scientific mean in the generation of other geometric parameters of the
wing and tail unit without estimation of the weight and flight performances of airplane.

Initial data:
- determined at the previous stage: S, 1,;
-determined by arrangement z

c.s? cn

Partial effectiveness indicators Wing parameters generation
of the wing

top view) considering the
- R iizaSgi s —— == \opviow) o

B S K. e)=1.016 arrangement limits:
2 Z ~sislNg1sE\Z;)= 1,
i Sef’ lef’ nw’ T]l’ r-si? AS] sio 8(Z)

v v

Equation of the Relation of the wing and tail unit parameters A, =K, ‘g" ]I:
h.s

|
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Figure 6: Layout of Determination of the Geometric Parameters of the Lift Surfaces Based on
the Partial Aerodynamic Effectiveness Indicators and the Integral Competitiveness Indicators

The principal distinguishing feature of this method is that the task of generating the
geometric parameters of the competitiveness partial indicators of the aircraft has not been
previously considered.
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So, if it 1s necessary to use this method in learning process, the aerodynamic and
designing courses must be given at same time. The lecturer will explain more deeply the
relationships between the geometry of airplane and its competitiveness indicators by using the
intermediate part: the lift-to-drag ratio.

CONCLUSIONS

The method of using the aerodynamic partial indicators and the integral
competitiveness indicators to solve the inverse tasks of the geometric parameters generation
for the lift surfaces of transport category aircraft is proposed for the preliminary designing
stage. These parameters provide the maximum possible lift-to-drag ratio and the operational
indicators, and their invariability at the next design stages.

For the full realization of this method it is necessary:

—to develop this method for the determination of the aerodynamic partial indicators
depending on design specific features (extension, wing break, etc.)

—to develop the complex of criteria for the determination of the lift surfaces geometric
parameters depending on the lift surfaces arrangement;

—to set the interdependence of the aerodynamic partial indicators with the integral
competitiveness indicators, such as the fuel efficiency and etc.

The solving of these tasks will allow realizing the main target of the new method — to
generate the lift surfaces geometric parameters of airplane at the preliminary designing stage,
which correspond to the optimal integral competitiveness indicators of the airplane during
operation.

This also provides the student with a method to better understand the relationships
between the geometry of the airplane and its flight performances.
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Abstract. This paper presented a conceptual design of novel vertical takeoff personal
aircraft for which requirements analysis, initial sizing, analysis of flight performance,
cost and potential application prospects are provided. The flight vehicle is named
DreamWings, as it is hoped that people s long-standing dream of [lying freely could be
realized and the wings of the flying machine are designed to meet this objective. Some
common challenges in the design of such a personal aircraft were identified first with
analysis on some similar concepis and technology trends. This is followed by
requirements analyses, in which, the criteria of the proposed flying machine should
meet are outlined. A concept configuration with rotating wing is believed to better
meet these requirements. The 3D model of DreamWings was built using OpenVSP.
Some preliminary calculations were carried out, along with analysis of challenges
and potential solutions. Finally, this paper points out the future tasks and remaining
issues for the concept.

Nomenclature
= Total energy of the battery, J
Ebattery
Eiotai = Total energy required from takeoff to landing, J
= The energy required to move from the parking place to the vertical
Egl .
takeoft site, J
Evto = The energy required for vertical takeoff, J
Ev_pn = The energy required to change from the vertical flight state to the
horizontal flight state, J
Ey = Total energy required for horizontal flight, J
Enov = The energy required to change from the horizontal flight state to the
vertical flight state, J
Ey = Total energy required for vertical landing, J
Egz = The energy required to move from the landing site to the parking place,
J
FTA = Number of flight-test aircraft
fn = Air drag at the level flight mode, N
fv = Air drag at the vertical take-off and landing mode, N
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= Acceleration of gravity, 9.8m/s>

g

Rmar = Maximum altitude, m

K = Lift-to-drag ratio

L = Range, m

my, = Battery mass, kg

m, = Empty mass, kg

my = Average mass of a person, kg
Meorar = Total mass, kg

Q = Number of aircrafts to be produced in five years
\Y = Maximum velocity, km/h

X = The number of passengers

b = Battery energy density, J/kg

1 INTRODUCTION

Transportation is playing a major part in modern economy and society, and
commercial air transportation is providing increasing comfort for passengers and
flexibility for airlines with better economics for long distance travel, in particular.
However, a long standing dream of safe, flexible, and economic personal aircraft
remains a technical and operational challenge, and a dream to realize. The nature of
human body means that it is almost impossible to fly just with human power,
development of general aviation aircraft has, to certain extent, met the demands of
personal travel, but it generally requires similar facilities as commercial air
transportation, albeit on a smaller scale. What is envisioned here is a concept similar
to flying car model, but with vertical takeoff and landing capabilities and much
improved noise and environmental footprints. Such a vehicle could be used on a daily
basis by city dwellers. It could be expected that technology improvements in smart
flight operations within confined air space, greener engines, better materials and more
efficient aerodynamics are starting to make it a reality, in a not very far future. Such a
vehicle should not exceed the size of a familiar car and therefore able to be parked on
a parking slot and can take-off and land vertically without the need for a much bigger
open space. The noise levels should fall within 80dB, preferable below 75dB to allow
its use within cities. The biggest challenge for such wvehicles is the air traffic
management within city air space where traditional air traffic management technology
won’t work. This paper represented an early effort towards the design and eventual
operation of such vehicles.

2 RELATED WORK

In 2010, NASA published the design of Puffin, a personal aircraft that uses an
electric engine as a source of power, which yields minimal pollution while
maintaining high-quality performance. The aircraft’s range is about 80km and the
maximum speed is about 240km/h. The noise is 10 times quieter than an ordinary
helicopter and the seating capacity is only one person [1]. Its characteristic is that after
it takes off vertically, the whole aircraft will rotate before it flies horizontally. The
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machine’s advantage is its high speed during the level flight mode while its
disadvantage is that the passenger has to maintain a prone position for a long period
of time during the flight, which may affect the passenger’s comfort level.

On the other hand, XTI Aircraft Company designed a personal aircraft with a
seating capacity of 6 persons. Its range is about 2700km and its maximum speed is
about 600km/h [2]. What makes it different is that the two ducted fans beside the
wing are rotatable. Its advantages are its high seating capacity and long flying range
and its disadvantage are its large parking area and relatively big drag at the vertical
take-oft mode.

In addition, Martin Aircraft Company designed Martin Jetpack. Its range is about
50km and its maximum speed is about 75km/h. Its seating capacity is only one person
[3]. Its advantage is its small size and its disadvantage is its low speed. Another issue
is that the passenger is exposed outside, which might be dangerous.

In contrast to Ehang184 produced by Ehang Company, this aircraft is completely
autonomous. Its range is about 38km and its maximum speed is about 100km/h [4]. Its
seating capacity is one person. The main difference between this machine and the
other three examples mentioned above is its independence in control and its ability to
fold for parking. However, its range and endurance time are not considered as
sufficient for practical operations in addition to the difficulties for the public to accept
fully autonomous mode of transportation even though it might have some advantages
in terms of eliminating human errors in the operation.

In conclusion, since the research in these types of personal flying machines has just
been initiated, most of the concepts still have to be manned. The size is relatively
large and the cost is so high that the general public cannot afford it. In addition, the
safety record remains to be proven. In the future, the personal aircraft is expected to
be safer, more comfortable, more autonomous and more environmental friendly.
Similar to today’s private cars, it would become affordable for the public as an
alternative mode of transportation, especially between neighboring cities.

3 CONCEPTUAL DESIGN OF DREAMWINGS

3.1 Design process

Top level design parameters of DreamWings were decided first after requirements
analyses. This is followed by a configuration study in which multiple configuration
designs were compared and analyzed. Some preliminary design on how to fold the
wings and the empennage part were carried out. Calculations were done on weight,
aerodynamic forces, performance, structure, cost, etc. A 3D model of DreamWings
was then built using OpenVSP tool [5]. Lastly, the future tasks and remaining issues
for the concept were pointed out.

3.2 Requirement analysis

Parameters Values Brief explanations

Maximum seating capacity 2, could be Ordinary private car: 5
increased to 4
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Average weight of a person (kg) 70 Average weight of adult males: 66
Total length after folding (m) <53 General parking space length: 5.3
Total width after folding (m) <25 General parking space width: 2.5
Total height after folding (m) <22 General underground parking lot height: 2.2
Total length before folding (m) Calculated /
Total width before folding (m) <715 Two-way Lane width: 7.5
Total height before folding (m) Calculated /
Fuselage width(m) 0.8-2.5 Ordinary human body width: 0.52
Empty weight(kg) 350 Refer to NASA puffin: 181 EHANG184:200
Maximum altitude(m) 1000 Relevant policies allow private aircraft to use
airspace under 1000 meters
Maximum level flight speed(km/h) >300 Refer to NASA puffin:241 EHANG184:100
Maximum range(km) 300 Straight-line distance between Shanghai and
Nanjing: 300
Between 3-5 hour drive car journey
Battery energy density(Ml/kg) 0.72 Lithium-ion battery: 0.72

Table 1: The desired parameters of DreamWings

The requirements of DreamWings are set for personal private travel. Unlike

common private cars, DreamWings includes wings, propellers, and other components.
For example, instead of the 5-person seating capacity, the plane’s capacity is set for 2
persons in a front-rear-seat configuration, which allows installation for wings along
the span direction.

Next, the parking problem is taken into consideration, the area that the whole plane
covers should be restricted within the 2.5mx5.3m rectangular space, the size for
common parking spaces for private cars. This limit necessitates the use of folding
wings, which will be further explored in the following sections.

For the maximum level flight speed, DreamWings is set for greater than 300km/h
as a small fixed wing aircraft is at 300km/h. Since DreamWings should be able to fly
between cities, its maximum range is set as about 300km to equal the straight-line
distance between Shanghai and Nanjing, cities used in this experiment, such a
distance can be covered by one hour compared to current typical car journey of 5-6
hours.

3.3 Configuration design

3.3.1 Preliminary overall configuration design

At the vertical take-off mode, the weight of DreamWings should be balanced by the
thrust of the propellers. At level flight mode, in order to acquire higher speed, it is
better to use the thrust of the propellers as the driving force than to use it to balance
the weight which can be instead accomplished by the lift of the wings. The problem is
to change the direction of the propeller’s thrust from upward at the vertical take-off
mode to forward at the level flight mode.
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Configuration 1 Configuration 2 Configuration 3
Sketches
— —
Figure 1: Top view of Figure 2: Top view of Figure 3: Front view of
configuration 1 in VTOF configuration 2 in VTOF configuration 3 in VTOF
Features 1. Folded wings at the vertical take-off mode 1. Fixed propellers
2. Unfolded wings and rotated propellers at the level 2. The whole aircraft has to be
flight mode rotated at the level flight mode
Analysis 1. The propellers are 1. The propellers are 1. The whole machine is
casy to be rotated casy to be rotated difficult to be rotated.
2. 3 propellers, 2. 4 propellers, 2. The posture of the
less structural weight more structural weight passengers will be rotated,
affecting the comfort level for
the passengers
Result According to analysis, configuration 1 is chosen as the final configuration.

Table 2: Three overall configurations for the design

3.3.2 Empennage design

In order to reduce the structural weight and not to affect the manipulation at the
level flight mode, V-tail is adopted. Furthermore, compared to the cruciform tail, the
V-tail is more flexible to place the propeller at the rear of the fuselage.

3.3.3 Rotatable and foldable wings and propellers design

Sketches of transformation(all top views) Features and problems
Difficult attitude control at the
vertical take-off mode and during the

Plan 1

__, rotation of the wing

Figure 4: Plan 1 of DreamWings’s
transformation of rotatable and foldable wings
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Figure 5: Plan 2 of DreamWings’s

transformation of rotatable and foldable wings

@ -

Figure 6: Plan 3 of DreamWings’s
transformation of rotatable and foldable wings

Figure 7: Plan 4 of DreamWings’s

transformation of rotatable and foldable wings

At the intermediate mode of the
rotation of the wing, the wing may
block the flow from the propeller so
the exact size of every part remains to
be calculated.

1. Theoretically feasible
2. More rotatable parts, inducing big
structure weight

1. A significant drag during the
rotation of the wing as there is a
greater windward area.

2. Lift calculation during the rotation
of the wing may be difficult.

The feature of Plan 1-3 is that both the wings and the propellers have to be rotated,

which would definitely increase structural weight. Compared to Plan 1-3, the

propellers are fixed on the wing in Plan 4. When the wing is rotated, the propellers will

be rotated simultancously, thus having less structural weight. So Plan 4 is chosen.

Table 3: Four plans of rotatable and foldable wings and propellers design

3.4 Sizing of the vehicle (including weight, engine, aero, performance, cost, etc.)

3.4.1

Derivation of mass formula of the flying machine

Total mass:

Meotar = Me + My + Xmy,

For conservation of energy:

Ebattery = Eotal

Total energy of the battery:
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Ebattery = MpPp 3)

Total energy required from take-off to landing:

Etotal = Egl + Evto + Eyon + Ep + Epy + Egp + Egz )

For approximate calculation ignoring Eg1, Egy, Eyon. Eyop

Therefore,

Etotal = Evto + En + Eyy (5)

(Suppose the air drag f,, during the vertical take-off and landing mode are the same)
Total energy required for vertical takeoff mode:

Evto = (Meotarg + fo) hinax (6)

Total energy required for vertical landing mode:
Evi = (Meotard — fo)Pmax (7)

Total energy required for level flight mode:
Ep = fol

(8)
Suppose the lift-to-drag ratio is:
K= Myiotal g
fn )
Therefore
m, + Xm,
Myiotal = g T
1- p_b (2hmax + ?) (10)

3.4.2  Calculation of the radius of the propeller

Thrust of the propeller is: T = 2pnR2(Vy + v,)v; [6] (11)

From the formula, the thrust of the propeller is proportional to the rotor disk area
can be concluded.

Refer to the data of Ehangl84. Its maximum take-off mass is 300kg, propeller
radius is 0.75m, and the number of propellers is 8. It can be calculated that the mass
per unit rotor disk area is about: 21.22kg/m*

Use this data to calculate the radius of the propeller (suppose DreamWings uses
double propellers so the number of the propellers is 6). The total area of rotor disk
area is S = 6mR2. The total mass is My, = 21.22 X 6mR?. So the propeller radius

R = v Mtotal
20

is about: . The maximum achievable lift-to-drag ratio based on a typical
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propeller aircraft is about 20, so the propeller radius is estimated about 1.5m.

3.4.3 Three views of DreamWings
1. Parking mode

5000

2000

Figure 8: 3D model in parking mode Figure 9: Top view of parking mode

2. Vertical take-off mode

Figure 10: 3D model in vertical take-off mode

3. Level flight mode

7200

Figure 12: 3D model in level flight mode

(top view of vertical take-off mode)
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Aerodynamic calculation

.|
N
\\

0.2 0.4 0.6 0.8 1.0

Taper ratio, ¢, ¢,

Figure 14: Induced drag factor &

as a function of taper ratio [7]

Performance @ 47,000 Ib

Max cruise speed -
(MCP) Sea Level (SLJ, kts (km/). . ... ... 262 (485) . . : .
Max RC, A/P mode SL, fpm (mv/m). . . . 3,200 (975) Figure 15: Prandtl’s classic rectangular wing
Service Ceiling, ISA, ft(m) ...... ... 25,000 (7620) b i o )
OE| Service Ceilng ISA, ft (m), . ... 10,300 (3139) data. Variation of lift coefficient with angle
HOGE celing, ISA, ft (m) ... 5,400 (1,646) . .
Weights of attack for seven different aspect ratios
Takeoff, vertical, max, b (kg) . . .. . . 52,600 (23859)
Takeoff, short, max, b (kg). .. . .. . . 57,000 (25856) i Ficient i i
Tokeof ot sionon By L 80500 7419 from 1 to 7. The lift coefficient is 100 times
Cargo hook, single, b (kg). ........ 10,000 (4538) * 1
Cor hook, sl sapebat, b () - 15,000 (6504 the actual value of the coefficient [7]
Fuel Capacity
MV-22, gallons (iters). . . ........... 1,721 (6513)
CV-22, gallons (iters). .. ........... 2,025 (7667)
ENGINeS. ... ..ovvineeneieeeenineernnnaans 16000000
Model. ..; s g s AE1107C (Rolls-Royce Liberty)
AEQ VTOL normal power, shp (KW) . . 6,150 (4586) 14000000
Crew w
Cockpit — Crew Seats. . . . ........... 2 MV/3 CV £ 12000000
Cabin — crew seatfroop seats ... .......... 1/24 i
2 10000000
381t 1in m
["_ 0 . i § 8000000
¥ 8 6000000 .
s B i
4000000 E
2 s
2000000 e ——
0
0 50 100 150 200 250

Number of aircrafts to be produced in five years

Figure 17: Total cost per aircraft change with

Figure 16: Characteristics of V-22 Osprey [8] mumber of aircrafts to be produced in five years

First, the lift-to-drag ratio of DreamWings is estimated. At level flight mode, the lift
of DreamWings is equal to its total weight and the drag is

2
L LB g, (13 8) (i)

(12)

The lift-to-drag ratio K = %. Using international standard atmosphere model

(ISA), p = 1.225kg/m3, u = 1.7894 x 10™°kg/(m)(s).Suppose the cruise speed of
DreamWings is V = 100m/s. Chord length ¢ = 1m. Wing area S = 6.2m?. Aspect
ratio AR = 6.2. Refer to Figure 14, for a rectangular wing, § = 0.06. For myyty,
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refer to formula (10). It can be calculated that the lift-to-drag ratio of DreamWings is
about 20.9 and its total weight is about 630.2kg.

Then, the total thrust of the propellers is calculated. Refer to Figure 16, V-22 has 3
blades for each propeller and the radius of the propeller is about 5.8m. The maximum
weight to take off vertically is about 23859kg. It can be calculated that the mass per
unit rotor disk area is about 75kg/m? and for Ehang 184, which has been calculated in
3.4.2, is about 21.22kg/m? Refer to these data, the mass per unit rotor disk area of
DreamWings is estimated to be about 31kg/m? From Figure 9 and Figure 11, the
radiuses of the 3 propellers of DreamWings are 1.3m, 1.3m and 0.5m, so the total area
of rotor disk area is about 22.81m? It can be calculated that the total thrust of the
propellers is about 707.1kg.

At vertical take-off mode, the total weight should be balanced by the thrust of the
propellers. From the data calculated above, the thrust of the propellers is bigger than
the total weight so DreamWings can take off successfully. And it is easy to calculate
that the maximum acceleration is about 1.1m/s*, so it will take about 1 minute to rise
to the height of 1000m. Suppose DreamWings takes off with full thrust, in order to
keep it balanced, the center of gravity(refer to Figure 13) can be calculated.

When DreamWings is changing its configuration from vertical take-off mode to
level flight mode, the horizontal velocity gradually increases. Refer to Figure 15, the
maximum lift coefficient is about 1. Suppose the total weight is only balanced by the
lift of the wing, it can be calculated that the minimum flying speed should reach
145km/h. However, at this moment, the wing has not been rotated to the horizontal
position completely, so the propellers can also provide some lift. In conclusion, the
total lift can balance the total weight at this mode.

At level flight mode, the center of gravity should be controlled in front of the
aerodynamic center, so that DreamWings is longitudinal stable at level flight mode,
and at the same time, its V-tail can provide enough pitching moment.

3.4.5 Cost calculation

A set of cost estimating relationships for conceptual aircraft design developed by
the RAND Corporation, known as “DAPCA, IV”, is used here, the methods used is
the Modified DAPCA IV Cost Model (engine and avionics costs are ignored here)
(costs in constant 1999 dollars) [9]:

Total cost per aircraft =

(445.48me0'777V°'894Q°'163 + 635.36me°'777V°'696Q°'263 +
879.62me°'82V°'484Q°'641 + 48.7me°'63°V1'3 + 1408me°'325V°'822FTA1'21 +
22-6me0'921V0'621Q0'799)/Q (13)

where Q is variable here, m, = 350kg, V = 612km/h, FTA = 4, $1 USD in 1999
would be worth $1.43 USD in 2016.
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from Figure 17, if the number of aircrafts to be produced in five years is about 250,
the total cost per aircraft is about $1,010,000.

Maximum take-off weight(kg) 630.2
Wing arca(m?) 6.2

Wing span(m) 6.2
Aspect ratio 6.2
Maximum wing loading(kg/m”) 101.6
Thrust-to-weight ratio 1.1

Cruise speed(km/h) 360

Time of rising to 1000m vertically(min) 1
Cost($)(50 aircrafts produced per year) 1,010,000

Table 4 Calculated data of DreamWings

4 SOME CHANLLEDGES AND POSSIBLE SOLUTIONS

One of the main differences between DreamWings and most designs today is that
the energy source for our model is battery. It is a great challenge because battery
technology will affect its performance drastically.

In the last 20 years, the energy density of lithium-ion battery is approaching the
theoretical limit of 250Wh/kg. In order to acquire much higher battery energy density,
scientists have great expectations in lithium-sulfur battery, which has a theoretical
energy density of 2567Wh/kg. Currently, the energy density of the lithium-sulfur
battery developed by British OXIS Company has exceeded 300Wh/kg. The company
expects to develop a lithium-sulfur battery twice the energy density of the current
lithium sulfur battery. What’s more, hydrogen fuel cells, which have a theoretical
energy density of about 3000Wh/kg, were first used in a manned aircraft in 2008. [10,
11, 12].

When calculating the total mass in section 3.4.4, the battery energy density used is
the current lithium-ion battery energy density: pp = 0.72M]/kg = 200Wh /kg. After
analyzing the trend in the development of battery energy density, the value can reach:
pp = 2.7MJ/kg = 750Wh/kg in the next 5 to 10 years.

As shown from the graph, if the current technology of lithium-ion battery is used,
the percentage of battery mass in total mass is about 45%, which is relatively high. In
the next 5 to 10 years, the battery energy density can reach twice the energy density of
the current battery. The percentage of battery mass in total mass will decrease to about
20%. It is evident that the battery technology has a great effect on DreamWings.

5 CONCLUSIONS

DreamWings can be parked conveniently than other conventional aircraft and it
does not need much space to take off and land. Furthermore, it can meet the demands
of fast travel between two cities with a typical car journey of about 3-5 hours, which
can bring great convenience to the users. After some preliminary calculations and
analyses, it can be found that this objective can be achieved in a not so distant future.
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However, the realization of this flying machine is also dependent on the development
of other technologies and still has large number of challenge to overcome. For
example, in order to improve its endurance, a battery with higher energy density is
needed. It is hoped that such a concept can provide further motivation for aircraft
designers today and in the future.
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Abstract. The conceptual analysis and design is presented for an advanced, submersible
aircraft with morphing technology. Radically different operating conditions between in-air-
flight and under-water-cruise present distinct challenges which are met by using morphing
technology, leading to different geometries for the two flight conditions. The morphing is
implemented using a hybrid approach of mechanical links and smart memory materials,
combined with active actuators and sensors embedded within the structures. Typical design
tasks were carried out using OpenVSP and results were presented for the preliminary design
of the vehicle. Top-level design parameters were determined using a sizing code in MATLAB
with reference to data in literature. RANS and VOF methods from ANSYS Fluent were used
to estimate the full-aircraft aerodynamic and hydrodynamic characteristics. The concept can
be further developed into the next stages to evaluate requirements on systems, energy, and
detailed performance characteristics.

1 INTRODUCTION

Nowadays UAVs (Unmanned Aerial Vehicles), commonly known as drones, are
gradually taking up more places traditionally occupied by manned aircraft because of its
advantageous features in operational flexibility, security and low-cost. UAVs can carry out
missions which are considered too dangerous and inappropriate for manned aircraft [1]. They
originated mostly in military applications. In fact, high maneuverability coupled with the
ability to operate with the utmost stealth is one of the prerequisites for any successful UAVs
in defense applications.

A submersible aircraft capable of flight in air, under water cruise, surface takeoff and
landing is a combination of a seaplane and an underwater vehicle [2]. It is supposed to be
able to fly as well as cruise under water. Taking off from the surface of the water is also
intended. The submersible aircraft integrates the advantages of three entirely different
vehicles: 1) high maneuverability and attacking ability of a UAV; 2) the voyage abilities of a
ship and 3) the stealth of a submarine.
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Compared to traditional UAVs, the
morphing submersible aircraft needs to satisfy
the requirements of various missions [3]. A

Design requirements and objectives

: : ?
flying submarine was supposed to be used on Weight
the open sea for attacks on hostile ships and i Parameter definition
MATLAB

near shore targets. It can also land on the water v T
and transform itself into an underwater vehicle e PR
that will loiter under water for a long period of ! Cpexp
time until the danger has passed [4]. It could Propulsion system No Meslngiemtmn
take off from a safe location to fly to its target T PointWise
areas at minimum altitude with minimum Structure design !
chance of being detected. At the completion of g s i
its underwater mission it could travel as a _ 1

, N . Meets performance request? »
submersible to a location best suited for e

takeoff and return to the mother ship [5].

The desire for an aircraft with such
capabilities is certainly not a new idea. Former
Soviet Union and the United States had

preliminary studies into this technology early in World War I, but it was eventually

Detailed design

Figure 1: Flowchart of preliminary design

abandoned, because the technologies required were too far ahead of that period. In 2008,
Defense Advanced Research Projects Agency (DARPA) [6] and NASA [7, 8] as well as
several aerospace companies, have begun exploring possible morphing configurations. But
combining the two epoch-making vehicles has proved a huge challenge. There are still many
technical problems which remain to be solved:(1) Conflicts between the weight requirements
of diving and flying; (2) Diftferent structural requirements for operating in water and air; (3)
Different cruising environment between water and air; (4) Selection of propulsion systems

In recent years, advancements in smart materials and structures have made the
development of submersible aircraft with morphing technology plausible [9]. However, there
is rarely in-depth research and very little relevant information is available in the public
domain. It is extremely important to systematically formulate the requirements and to carry
out feasibility analysis for this design concept. The purpose of this paper is to present the
conceptual design of such a submersible aircraft concept with BWB and tailless configuration
and to formulate some sensible requirements for the future development of morphing
configurations.

2 CONCEPTUAL DESIGN

2.1 Conceptual design process

The conceptual design is a trial and error process driven by mission requirements and
knowledge from relevant fields such as aerodynamics, flight mechanics, and propulsion, etc.
The goal of the conceptual design phase is to explore a few potential concepts and to
optimize them as much as possible [10]. The whole process consists of a sequence of steps
and the related software, as illustrated in Figure 1. During this conceptual phase, steps in this
flow chart will be repeated until all the design parameters meet the requirements.

Design Value units  Design value units
requirements requirements
Range 250 km Cruising <10 km/h
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speed(water)
Cruising speed(air) 190 km/h Payload 100 kg
Wing span =T m Service ceiling 1000 m

Table 1: Design requirements

It typically starts by identifying the requirements or capabilities, which are determined in
a market survey, in order to define the mission requirements for a conceptual aircraft. The
design requirements and objectives of the submersible aircraft are listed in Table 1.

Following the formulation of a design proposal, the next step is to perform initial design
iterations until all the top-level parameters meet the design requirements. Total drag and
power requirements from the engine will be estimated based on the performance
requirements. It also involves the estimation of the weights and the choice of aerodynamic
configurations that will be best suited to the mission requirements stated in the design
proposal.

In general, early design analysis is dominated with simple empirical, semi-empirical or
statistical methods, with some limited use of computational methods such as computational
fluid dynamics (CFD). The ultimate objective during preliminary design is to gather
sufficient data in order to convince both the customer and management team that such a
design is plausible in terms of both technical performance and financial resources, and can go
into next stages of development.

2.2 Weight estimation

The purpose of this section is to provide a methodology for rapid estimation of airplane
component weights. The empirical approach is preferred here to save as much engineering
man-hours as possible.

For reasons of brevity, only the following component weights are presented in the paper:
structure weight (Wseruce ), powerplant weight( Wewr ), battery (Whar ) andfixed equipment
weight (Wewr ). The airplane empty weight (We ) is expressed as:

WE = W + 1".""':: wr T Whape + Wp wr (1)

(1) Structural weight estimation
1|L"I"il-S’m."l.u:t

According to previous research, it will be assumed that the ratio of Wi is 0.3, similar
to the average value of UAVs of similar size. A conservative assumption is to apply a 15
percent weight reduction to structural weight by using composites. Therefore, the ratio of
1II"""ir51:1"|.1r_'t

Wi is finally set as 0.3*(1-0.15) =0.255.

(2) Powerplant weight estimation

This UAV will use a single electric-powered engine as the propulsion system. Powerplant

weight can be estimated through empirical formula, which can be expressed as:
20 2
We = Firuee % Voruize * ﬁ ( )

in which, Fruse can be estimated as:

G)

Fiaruse = Wro W

T
in which, W refers to thrust weight ratio.
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(3) Battery weight estimation
The weight of battery is affected by many factors such as output power, time of duration,
battery energy density, etc., and it can be assumed that the battery energy density will reach
700Wh/h in 2020. The time-frame based on analysis of current technology trends, thus
battery weight can be simply express as:

) B Range (4)
Whate = Fenruse * 3600 x energy density

(4) Weight estimation of fixed equipment

For reasons of brevity, only the following component weights are considered[11]:
electrical system, flight control system and water-jet propulsion device (20kg).

All of them can be estimated using empirical formulas which are given below:

W,, = 7.46 + 0.008 x Wrg (5)
Wi = 0.027Wig (6)

According to the weight estimation process, it is noted that all component weight is given
in ratios relative to gross takeoff weight.

‘l-'"f'm = :f{“t"'f:"mj (7)
The et cune of wogh | In order to obtain the final takeoff weight
5 ; : : value, an initial value will be set and the
solution is achieved with an iterative process.

5 -------- — — A 1 Initial takeoff weight can be substituted into the
o et i S | right-hand side, and then a second takeoff

4 weight value can be calculated. This process is
g : : repeated until convergence is achieved which is
= Initial weight=200kg - 3 g
: It weight=300ky set to be 0.1% between the two iterations.
Initial weight=400kg 5 e e
Initial weight=500kg |-+ Four different initial values are used to

= Initial weight=600kg

obtain the final takeoff weight, as shown in

: : : : Figure 2. It is obvious that the same final value
g C B ool ;{Iﬁmrams B 5 »  can eventually be reached from different initial
Figure 2: Iterative curve of weight values. The following table lists the final weight
value for each component. As can be seen from Table 2, battery weight accounted for more
than 34 percent of the overall takeoff weight. Therefore, to increase battery energy density
and reduce weight to further improve the performance of the vehicle is a considerable

challenge.

Component Weight( weight Component Weight( weight
kg) fraction kg) fraction
Structures 128 27% Powerplant 51 10.8%
flight control system 13 2.7% water-jet propulsion 20 4.2%
device
Battery 161 34% Propeller 10 2.1%
electrical system 11 2.3% Total 474 100%

Table 2 Weight data from initial estimation

2.3 Aerodynamic configuration design

Wing parameters Value units Wing parameters value units
Wing span 6.5 m Area 12.2 m*
Aspect ratio 537 Twist angle -3 °
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Wing installation angle 0 ° Dihedral angle 4 °
Swept angle(LE) 55 ° Airfoil NACA
65,012

Table 3: Wing parameters

(1)Overall configuration

A Blended Wing Body can effectively reduce e
structural weight due to better use of structural strength e« /T
[12]. The potential advantages of the BWB approach Nt
are better aerodynamic performance for reducing both i
induced drag and wave drag [13]. The BWB == “”7
configuration is adopted here as the basic geometry
with the central lower fuselage designed as the shape
of a high-speed boat, the wings are smoothly blended
into the body. The BWB configuration is used for
both aircraft and underwater  gliders.  Taking all
operating situations into account, this design will
present configuration characteristics of both seaplane
and a BWB plane, leading to an effective hybrid wing
body configuration. Figure 3: Commparison between air
(2) Selection of wing parameters configuration and underwater configuration

Wing design plays a key role in the whole conceptual design phase. Wing geometries are
computed by empirical, semi-empirical or statistical methods. Related parameters are listed in
Table 3.

2.4 Thrust/Weight ratio and wing loading

T/W and W/S are the two critical parameters affecting the aircraft performance.
(1) Cruise condition
W
For steady level flight, speed is a function of wing loading ('S ), air density (altitude) £ , and
lift coefficient Cr

e L= (11)
g P
V(e ()
T/W for cruise can be defined as oL ey +(W)K (12)
W LID WIS "Sg
in which : ¢ --dynamic pressure ; S --wing
area ; K --induced drag coefficient; C,, --zero-lift drag coefficient
(2) Stall speed constraint
Wing loading, which can be estimated from stall speed Vsean and diving speed, is
affected by aerodynamic, structural characteristics and propulsion. Wing loading is
constrained by approach speed:
ko ) WP 2 M, (13)
(FJ - 0.612V,2C,, (W)
Relationship between stall speed and approach speed V.=(12~13WV., (14)
Tbir a ) ’ stai
=tall can be calculated from W =05pV, 2SC, (15)
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M, )

in which, Va--approach speed ; (E --ratio of takeoff mass and landing mass ; Cra --max lift

coefficient at landing
(3) TOL constraint
For given takeoff distance, wing loading can be determined by

1

'fT\_LEB ELus A 3 T B ICLus E
W = -“w] ToL—120|1~| ~ 5l 70¥
-\ ! («F)

in which: Crus--max lift coefficient at takeoff condition ; Ke = 0.1
(4)Wing loading constrain under gust

The operations under gust take-oft environment for UAV should be regard as an
important factor. The lower limit of wing loading is expressed as below:

(16)

(17)

w 2.7VpA

s =7 16A° =

(032+0.5555) 11— (Mycos) 72
in which, A -- aspect ratio , & -- sweepback angle at 25% chord ; Mw --cruising Mach ; Vo --
deSIgn lelIlg Speed 3 Boundary diagram of thrust weight ratio and wing loading
T/W and W/S are interrelated and 7 : ; : :

need to be cross-checked once determined el :
using a number of different criteria. I R DOSIQN fogiong: -+ -+

riond]

Cruwseg b _
TOLL: Landing

Therefore constraint plotting is a useful
method to assist in the choice of T/W and
W/S. The limiting conditions can be
plotted on the boundary diagram as
shown inFigure 4. With the help of o2y

0.5

Thrust weight ratio

03k

constraint  diagram a  reasonable R~
combination of T/W and W/Scan be ' ; 28 :
decided in the design region as shown in . A

Wing loading Mim?

Figure 4. To ensure enough variable
margins, T/W and W/S (cruising
condition) are set as 0.4 and 700N / m”* .

Figure 4: Boundary diagram of thrust weight ratio
and wing loading

3 AERODYNAMIC AND HYDRODYNAMIC CHARACTERISTICS ANALYSIS

Following the conceptual sizing of the configuration parameters, the aerodynamic and
hydrodynamic characteristics of the designed submersible aircraft are now analyzed by using

3D RANS and VOF (Volume of Fluid) methods in ANSYS Fluent.

3.1 Modeling in OpenVSP

A highly interactive, parameter-based aircraftmodel has beencreated in OpenVSP, which
was developed to generate detailed 3-D geometric models quickly and smoothly. The models
allow a visualinspection of the geometry parameters used in the conceptual aircraft
design[14]. Fast and accurate geometry modeling also allows the designer to use more
complex analysis methods such as CFD earlier in the design process and therefore reduce
reliance on empirical equations in conceptual design. Files of IGES and STL format were

used to transfer the geometry to grid generation software after parametric modeling task.
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3.2 Discretization of morphed wing

The grid generation was performed using
Pointwise. In order to increase the accuracy of
the flow analysis, a structured mesh was
selected in full UAV configuration.
Hexahedral elements are used to generate the
mesh in the boundary layer. In order to
minimize the boundary effects on the flow
near the plane, the control volume was three
times the reference length away from the
plane. Grids around the plane, leading edge
and tailing edge was shown in Figure 5. The
resulting mesh contained 1724464 cells in

Figure 5: Full configuration volume mesh

folding mode and 1616128 cells in its 12 =
unfolded state. 14 7 ol 02
12 3 ;
3.3 Air cruising state g 051; = - 015 .
All other faces bounding the control o TS ] 01
volume were set as pressure farfield. The 04 L e N
simulations were performed in Fluent 16.1 0-3 L,

using the double precision 3D solver and
the Spalart-Allmaras viscous model [15].
The results were obtained from running
steady-state simulations at constant free
stream velocity and for angles of attack between O and 10 degrees. The air speed was
considered to be equal to approximately 0.155 ..
Mach (Re=1.44x10").
Calculated lift and drag coefficients for the full  **
configuration are shown in Figure 6. With the 3
increasing of the angle of attack, flow separation
leads to a slight drop in lift. Maximum lift-drag

Angle of attack

Figure 6: Drag and lift coefficients for the full configuration

DragiN}

(5]

ratio is about 15 at 6°angle of attack and it then | -

drops rapidly as the angle of attack increases. Figute 7. Hiag snive

3.4 Underwater cruising state

Submersible aircraft can fly low over
the sea until it nears its target at cruising - TroT—
speed. The hydrodynamic characteristics = |, \ T —
under water were simulated by ANSYS oo ® e - e i
Fluent at speed from 1 to 7 m/s and zero .
angle of attack.

Figure 8: Wave profiles zlli'dngsidé'.thé hull for 0.289 and
0.408 Froude mumber

As shown in Figure 7, drag increases in parabolic with the increase of speed. For the
submersible aircraft, excessively high speed brings no significant advantage but large drag.
Therefore, 7km/h is considered an economic cruising speed. At these speeds, the
characteristics of the air and water flow — defined by a parameter known as the Reynolds
number — are roughly the same, so the UAV’s control surfaces should remain effective in
both environments.

160



3.5 Water takeoff process (

Compared to the air and
water cruising conditions, the ‘
water takeoff process is more

important because the

submersible plane will

withstand maximum  drag ‘

during this condition and it will =~ V=5.65m/s V=8.57m/s V—10.46m/s V=15.71m/s
determine whether this Figure 9: Wave patterns for different Froude number

configuration can takeoff successfully from water surface.
A) Wigley model validation case

For hydrodynamic calculation validation, the Wigley parabolic model is used to obtain
the optimal mesh density and to determine the size of the flow field. The SST model was
chosen as the turbulence model while the thickness of the first boundary-layer mesh was set
as 10 m. The Wigley model, with 2.5 meters in length and 0.25 in breadth, was fixed to sink
with different inflow velocity.

Comparison with the experimental data from the Resistance Commlttee of the 17-ITTC
report [16] shows that the wave '
elevation alongside the hull are
consistent with the experiment
observations shown in Figure 8.
The average relative error between
CFD drag coefficient and the
experiment is 2.85%.

B) Hydrodynamic characteristic
analysis in the water takeoff

Figure 10: T-Rex grid section

process
-~ . ‘ . | In this section, ANSYS Fluent was used to obtain
o . . : :ﬁ;‘;:ﬁ;:m forces by solving the Navier-Stokes equations with
12000} - — o RNG k-e model and VOF method. Hull volume mesh
WA “\ 3 1 is generated using Pointwise's anisotropic tetrahedral
~ . R I N . extrusion method, aka T-Rex, which is suitable for
| ; s | | application in conceptual design because of its high
i unoncns S B g 1 automation in creating unstructured boundary layer
S R R R meshes on complex geometries.
i el il The takeoff process was divided into several
oo w7 ¥ gtages based on speed. Each velocity corresponds to
Figure 11: Thrust and drag history  an initial displacement. Hydrodynamic performance
during water take-off period will be available in each condition when given initial

velocity and water level. Wave patterns with different
Froude numbers were shown in Figure 11. With the increase of the sliding speed, the wave
region became narrower and narrower.

Figure 11 shows hydrodynamic drag, total drag, and required engine thrust during water
takeoff. It can be seen that the hydrodynamic drag first increases then decreases with the
increase of sliding velocity [17]. After the maximum drag condition, total drag shows a sharp
decline because of the fast drop of the waterline and then the plane left the water gradually.
Figure 11 indicated that the submersible aircraft can take off from the water when the

maximum thrust weight ratio reaches 0.622. Main performance parameters are listed in Table
4.
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Performance parameter  Value ~ Units Performance parameter ~ Value  Units
Takeoff thrust-weight ~ 0.622 Range (air) 800 km
ratio
Range (under water) 50 km Cruising speed (air) 190 km/h
Cruising speed (under 7 km/h C, ... (takeoff) 1.8
water)
Ceiling 1.5 km/ h CLmax (landing) 1.7
Wing loading 700 N /m?  Cruising trust-weight ratio 1.4

Maximum lift-drag ratio 15
Table 4: Main performance parameters of the vehicle

4 ANALYSIS OF MORPHING MODE

To accommodate different requirements -
from various mission segments, it is a u ol
common idea to propose the use of a & b @53 T
morphing configuration. However, the use of A b “
morphing technology on production aircraft -~ " g
is still very limited, largely due to b ‘A v
shortcomings of the state of the art. The : "
concept in the work is an unmanned (a) [18] (IR
airvehicle, capable of long range cruising

with unfolding wings, and fast diving with

folded wings. Various operational conditions _“_7\\“
/ 3
\

limit the choice of morphing structures.
Several constraints must be satisfied:

(1) In order to reach diving weight, there
must be enough space inside the wing for
water-filling, (c)

(2) Morphing structure should be simple Figure 12: Folding wings with morphing technology
and light to avoid being overweight.

Two possible solutions were purposed to meet these requirements based on some

preliminary analysis of the morphing technology.

4.1 Shape memory polymer (SMP)

SMP (shape memory polymer, Figure 12 (a)) is a type of high modulus material with a
special memory function. A morphing wing could be made of SMP, which can unfold
automatically when being activated by heat, high-frequency optical signal or electrical
signals. According to the chief engineer of the SMP manufacturer, an SMP morphing wing
can be folded hundreds of times and the whole deformation process will only take several
minutes[18].

4.2 Dynamic fulcrum hinge

A variant mechanism using dynamic fulcrum hinge and elastic deformation skin was
designed to realize the continuous folding operation[19]. This morphing mechanism can also
meet the deformation requirements in the current application.

The dynamic fulcrum hinge (Figure 12 (b)) which is currently used in laptop connections,
was selected to connect and brace the wing sections. Part of doing that, it seems, is extending
the hinge. As it opens up, the hinge rolls outward, pushing one section of the wing slightly
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farther back from the other as shown in the figure above. Compared to the traditional folding
mechanism, the dynamic fulcrum hinge mechanism is simpler and can effectively save
interior space in the wing. The trajectory of each part could be well designed, so there is less
gap whether they are completely closed or unfolded [20]. In addition, a locking device strong
enough to maintain the deformation is required. The unilateral wing was made up of three
foldable wing-sections. It should be noted that the folding mechanism proposed here remains
at concept stage and more detailed work is necessary, including the analysis of loading
conditions.

S CONCLUSIONS AND OUTLOOK

5.1 Conclusions

A submersible aircraft concept based on hybrid wing-body with displacement hull was
proposed using a novel morphing concept. Initial sizing was carried out by iterative methods
based on design requirements of payload and range. OpenVSP was used to provide models
for aerodynamic and hydrodynamic analysis. The aerodynamic and hydrodynamic
performance analyses using ANSYS Fluent were carried out to evaluate the feasibility of this
design concept. In addition, two feasible morphing modes were proposed and some initial
analysis was given.

5.2 Future work

Given the novel nature of the design, there is still much scope for further, more detailed
studies, in particular in the following aspects, before a realistic design can be achieved.

(1) The choice of wing skin materials will have a major effect on the performance of the
UAV. It is necessary to employ an elastomeric flexible skin that will accommodate the
morphing wing in a reliable manner.

(2) The structural design aspects should be considered by using finite element methods in
the future, considering all of the loading conditions.

(3) Systems, propulsions, and control aspects of the vehicle will need to be considered in
more detail.

In summary, the concept proposed in the current work represented a novel hybrid capable
of two distinct flight modes and its design could promote the advances in several
technological areas.
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Abstract. The Program of Aerospace Design United Courses (PADUC) website is a part of
PADUC launched by Beihang University. Its development is divided into two stages. The first
stage is to initiate “Virtual Design Workshop™ (VIDEW) based on “Beihang-Purdue Joint
Aircraft Design Courses Program™ by Beihang University. The second stage is to establish
the PADUC website. This site includes a Student Group and a Teacher Group. Its main
modules are Personal Center, Curriculum Center, Design Center, Question & Answer,
Experience Sharing, and Data Center. As a bridge between the member universities and
students, the site provides a learning and exchange platform for students, teachers and
experts using the website. It also creates conditions for the users to acquire knowledge and
inspiration, and offers a platform of support for PADUC.

1 INTRODUCTION

Aircraft Conceptual Design of Beihang University (BUAA) is a professional course for
students majoring in aircraft design. It won the titles of ‘Beijing Excellent Course’ in 2006 and
‘National Excellent Course’ in 2008. As a compulsory course for an aircraft design major, the
course introduces the general design of aircraft, especially the conceptual design process, to
enable students to master the basic concepts, the main ideas and basic theories & methods. It
also helps students to understand the general design methods and technology of modern
aircraft. By paying attention to comprehensive conceptual design as a guide, this curriculum
encourages students to cultivate their innovative ability and team spirit. Thus, it inspires
students to utilize learned knowledge to actively solve problems in the design team. It also lays
the foundation for future practical work.

Aerospace design is a systematic project that requires teamwork. Not only is teamwork
essential to the industrial sector, but teamwork and exchanges between colleges both play
critical roles in promoting each other. During 2011 and 2013, Beihang University launched
‘Beihang-Purdue Aircraft Design Joint Courses Program’ ', based on the National Excellence
Course Aircraft Conceptual Design. This program explored several joint teaching approaches,
including joint student design teams, and face to face and remote lectures. A website called
“Virtual Design Workshop (VIDEW, http:/aero.buaa.edu.cn)’ > * which is similar to Second

Crresponding author : Hu Liu ,e-mail: livhu@buaa.edu.cn
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Life’ *°! was developed to provide a network platform to accumulate and share students’
aircraft design concepts.

On the basis of preliminary exploration of VIDEW, Beihang University launched the
‘Program of Aerospace and Design United Courses’ (PADUC) in early 2014. Now PADUC
has acquired the full support from members, such as Beihang University, Beijing Institute of
Technology, Nanjing University of Aeronautics and Astronautics, Shanghai Jiao Tong
University and Purdue University. It aims at gathering excellent resources of aerospace design
courses from around the world, providing a communication and sharing platform, as well as a
professional design support cloud. This program will explore cooperation through ‘in-depth
sharing of resources, stimulating innovation, collaborative design communication’. With the
contribution of each member course, we believe PADUC can drive the overall improvement
and sustainable development of the aerospace design education community.

2 WEBSITE STRUCTURE

The PADUC website contains seven modules. As shown in Figure 1, there are Personal
Center, Curriculum Center, Design Center, Question & Answer, Experience Sharing and Data
Center. The following is a brief introduction to main modules.

=) FRRREREN

(< © RS (<
PADUC PADUC 3 = PADUC
FREORE HI { ok

;

Figure 1: Seven modules of the PADUC website.

2.1 Design Center

The Design Center module, as shown in Figure 2, includes the design schemes of all the
teams since the implementation of PADUC. It provides two key words: 'school' and 'year', to
scan the design schemes. In each scheme, it displays the results of each stage, the team
members, the course and the parent project information. The design scheme only shows the
second and third stages. The result of each stage uploads design pictures, 3D models, the
report and videos. The report can be downloaded by teachers.
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Figure 2: The Design Center.

2.2 Curriculum Center

The Curriculum Center module contains the related courses offered by the PADUC
members and the previous projects, as shown in Figure 3. It provides a reference for the
students’ team scheme design.

= MEMKRH I E R - A BT AR

KKKKK

Figure 3: The Curriculum Center.

2.3 Question & Answer

As shown in Figure 4, the Question & Answer module provides a communication
platform for website users. Users can ask their own questions and reply to others’ questions in
this module. The module also sets up a leaderboard in which a corresponding score can be
obtained by answering a question. In the final examination assessment, the teacher will add
the corresponding score to the students according to the leaderboard. Based on this module,
students can not only solve the problem in the limited class time, but also receive answers
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from other students, teachers, and experts after class.

<4 MEMRRHERSRZL ]

Figure 4: The Question & Answer.

2.4 Data Center

Various data, such as pictures, videos, models, literatures and software, can be uploaded
or downloaded in the Data Center. Here students can obtain various types of professional
information, and share their own resources. The module is shown in Figure 5.

mERG WO EELE

Figure 5: The Data Center.

2.5 User Groups

This site includes a Student Group and a Teacher Group, corresponding to different
permissions for each module. Students register and use the Student Group, teachers and
experts register and use the Teacher Group.
¢ Student Group

Student Group can use all the modules in the site. In Design Center, students can build a
new design scheme, or participate in an existing team by ‘Join in Team’. Students can also
upload stage results to their Design Center for teachers to check.
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*  Teacher Group

Teacher Group can also use all the modules, however, the difference is that Teacher Group
can download the stage result reports of team members and grade the scheme in Design
Center.

3 THE SIGNIFICANCE OF PADUC WEBSITE

The first page must contain the Title, Author(s), Affiliation(s), and Key words. The
Introduction must begin immediately below, following the format of this template.

3.1 Significance to Students

PADUC website can be regarded as an offline classroom, which is to supplement the
teachers' classroom teaching. When students have a problem, they can ask the teacher in the
classroom, but also can publish their questions on the website at any time, to be answered by
teachers, experts and other students. Therefore, the website effectively expands the time
dimension of students' learning, which is not only limited to classroom time. As the objects of
discussion and knowledge sharing are not limited to students and teachers in their own school,
but all the members' students, teachers and invited experts, the site effectively helps students
to expand their breadth of knowledge. After receiving the design topic, with the previous
schemes as a reference, students can have a better understanding of their tasks at each stage.
Meanwhile, students can have better judgments on their final achievements. Even better, this
website can connect students in different schools to carry out collaborative design. No matter
which school students are from, by using the PADUC website, they can complete
collaborative design as well as get guidance from their respective teachers. Consequently, the
website can enhance communication between students from different schools, and strengthen
the teamwork ability of students in the Internet era.

3.2 Significance to Teachers

Prior to the establishment of the site, the scale of students in the ‘Aircraft Conceptual
Design’ course was so large (more than 200 students a semester) that the review of the team
design was facing great difficulties. As the large number of students, even if taking the form
of group review, it also took up a few times of the classroom time. In addition, due to limited
teachers, each review group could only be responsible to several teachers. Nevertheless, every
teacher has their own professional direction, so students could gain less professional review
direction. Now with the PADUC website, it is not necessary to organize students to review
‘Aircraft Conceptual Design’ in class. All teachers can conduct a review of the students’ work
before the prescribed deadline. The advantage is that students can get more opinions from
more teachers to recognize the shortcomings of their work and teachers can work flexibly and
relieve some work pressure. By browsing the Question & Answer module, teachers can also
understand the teaching effect, in order to arrange their next teaching content.
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3.3 Significance to Experts

Experts with a wealth of practical experience can assist students to learn more about
industrial development and practice methods. In the evaluation stage of the students’ design
scheme, the experts can present the evaluation from the achievability aspect. At the same time
they can give professional solutions to students’ questions. Although students did not receive
systematic design training, the practical application value of their designs may be relatively
small. However, because of their extremely rich imagination and creativity, their designs
present more innovativeness and diversity. In the assessment of the design, and exchange with
teachers and students, experts are more likely to break with traditional thinking habits in order
to get new design inspiration.

3.4 Significance to ‘Aircraft Conceptual Design’

The PADUC website currently has five domestic and foreign college allies. By
combining with the domestic and foreign colleges in the aerospace courses, members can
absorb the teaching advantages each other. Meanwhile, some of the outstanding, cutting-edge
design concepts and means can be applied in industry. The universities can learn from each
other in the exchange to promote the overall improvement of aerospace design education level.

4 SUMMARY

The PADUC website development is divided into two stages. The first stage is to initiate
“Virtual Design Workshop” (VIDEW) based on “Beihang-Purdue Joint Aircraft Design
Courses Program”. It has given teachers and students of both sides unique and valuable
experiences. The second stage is to establish the PADUC website. As a bridge between the
member universities and students, the site provides a learning and exchange platform for
students, teachers and experts using the website. We do hope that more colleges and
universities could join PADUC website, so that lessons learned and experiences gained in
separate courses could benefit the improvement of the entire aircraft design education
community.
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Abstract. The work deals with issues related to the use of hypotheses that are convenient for
structure design. As a working platform it uses a variation of the super-element model.

1 INTRODUCTION

The design of any object requires the use of the most objective results of the calculation. It
is obvious that at different stages, the design can be done with varying degrees of accuracy.
The currently-used advanced technology for aircraft structural design is based on highly
accurate mathematical modeling, from the earliest stages of aircraft development. This
technology uses scientific achievements related primarily to the successful development of
computer technology and numerical methods, such as the finite element method (FEM). This
method is the most common and most recognized today. It allows the designer to carry out the
analysis and synthesis of structures with a high degree of detail. In aircraft design, FEM has
been successfully used for the analysis of structures in various states, including stress-strain
conditions (SSC).

However, any detailed calculation requires adequate detail in the preparation of the
original data. This is not always possible, especially at the initial design stage. In this regard,
the need for relatively simple and operational models of the SSC assessment remains relevant.
Primarily this is due to design issues, as there are a huge number of possible design options
and a multitude of cases. The task is complicated in the case of significant and non-uniform
temperature fields which contribute to the development of phenomena of physical
nonlinearity. All of these design situations should be rapidly analyzed.

This process, in which the number of unknowns is always greater than the number of
resolving equations is iterative. The tangle of information generated continues to expand the
information field of the intended structure, much like the gathering effect on a snowball as it
rolls down a snow-covered slope. Obviously, the earlier the design begins to form in the right
direction, the better it will turn out in the end. It is also very important that the evaluation uses
simple engineering models so that it can be done in less time.

Selecting the right (i.e., grounded) hypotheses plays a major role in the design process as
this reduces the number of unknowns significantly. To create a working platform that can function
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with a variety of hypotheses, a variation of the super-element model is proposed. The term variation
in this case indicates that it is possible to vary the number of required movements in the super-
element. This is achieved through the use of different hypotheses and assumptions. The proposed
model allows a wide range of variation to the order of the system of resolving equations.

2 ENGINEERING DESIGN MODEL

The main, thin-walled load-bearing elements such as the wings, tail, and fuselage (Fig. 1)
that are in a uniaxial SSC, are divided into one-dimensional elements and two-dimensional elements
(membrane). A calculation model, which describes the design work, can be drawn from these
elements. This consists of the skin and different types of core elements: longitudinal (stringers,
longitudinal walls, spars, beams, panels) and transverse (ribs, frames). The task analysis of the SSC
is solved in displacements, where u (u,, u,, u.) is the displacement vector at any point of the
structure.

The design is divided along the longitudinal axis z with an arbitrary step (better if they
coincide with the transverse force elements) on the ¢ substructures — super-elements (Fig 1, 5.).

As a result, the estimated model design will consist of: n-longitudinal ribs; m-flat membrane
panels; and c-transverse elements (the zero element is a plane structure seal).

The desired movements are represented as the product of generalized displacement (®) and
approximating functions (7), which can be considered as generalized coordinates u=7T®
This approach resembles the representation of fluctuations, both in form and in frequency. (1)

a b £ d
Figure 1. The projected construction: a-external contours and operating mechanical and thermal load,
b—load-bearing scheme and a segment of the regular domain decomposition is considered; c—
structure of super-element; d-calculation model of load-bearing elements

Thus, each section is a calculated synthesis unit which has A/ degrees of freedom in the
transverse and N — longitudinally. Each compartment essentially becomes a super-element with
generalized movements in the super-nodes that are limited to that compartment.

The movement of the intersection point of e and e+1 section in such a variant of a super-
element can be expressed in generalized displacements in these sections.
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where ¢, and ¢..; are vectors of generalized displacement {¢;, ¢, ..., ¢} that lying in the
plane of the cross-sections e and e+1; w. and .., are vectors of generalized displacement
{wi, >, ..., wy}, directed out of the plane of cross-sections; 77 and 7, are corresponding
transformation matrix (approximating function) in transverse and longitudinal directions. It is
selectable depending on the various hypotheses (classical beams theory, taking into account
warping and sectional contour deformation at different levels of accuracy). This approach
allows the designer to obtain solutions with varying degrees of accuracy, and thus the
complexity of the process of analysis will be reduced.

The simplest version of the proposed calculation model is M = 3 (hard circuit hypothesis)
and N = 3 (beam design work design section). Fig. 2 shows an approximation function for this
decision.

Figure 2: The simplest approximation of displacements
a—c —1n a transverse direction; d—f — in a longitudinally direction

In the early stages of design or in the evaluation of new operational capabilities, the super-
structure model may be more effective. The super-structure occupies an intermediate status
between the beam and the classic FEM — i.e. with greater capacity than the simplest beam
model, but less cumbersome than FEM.

The basis of this model is the super-element variation, which can be used in combination
with various traditional design hypotheses. The word "variation" in this term means the
variability of computational accuracy, ranging from the beam to maximum in the model.

Let us analyze the variation engineering design model from an energy point of view. In
order to simulate the stress-strain condition (SSC), the super-elements are divided into three
groups: the longitudinal ribs, panels and transverse elements (Fig. 1, ¢). Thus the work done
by the existing external load turns into potential energy of deformation of these elements:

A:U:ULR o Up A UCR (3)
where Urr , Up, Ucr are, respectively, potential energy of: longitudinal rods, panels and
transverse elements.
When considering only the first component in the equation (3) is obtained by the simplest
solution - known as beams in the Euler-Bernoulli version.
U=Ur (4)
This solution can be adjusted taking into account the transverse shear (beam Tymoshenko
type).

The task is greatly simplified if the assumption of absolute rigidity of the cross-sections is
adopted, as in this paper. This hypothesis was widely used in design practice during the
period of 1940s-1970s. Using this hypothesis implies that in formula (1) there is no third term

U—-"‘vULR F Up, (UCR :0) (5)

The stiffness matrix of the longitudinal rods has the simplest form.
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The most difficult structure to assess using this model is the operational panel. It is easy to
do in cylindrical structures — Fig.3, a [1, 2]. Various computational circuit boards may be
applied to account for taper, as shown in Fig. 3, b, ¢. The most comprehensive is the
traditional finite element scheme of the panel, as the isoperimetric quadrilateral element or the
use of four triangular elements with the exception of the central node — Fig. 3, d [3].

(,m*:u;t:luzu et

C Toss-section

yo
x

il

d

Figure 3: Schema of panel working: a — cylindrical, on shear; b — slightly conical, on shear;
¢ — conical on shear; d — conical with normal and shear stress

The most convenient for design work is an option with a shell that works only on shear,
and with a hard cross-sectional contour (Fig.4). In the latter case, it does not require
information on the cross-power components, which greatly simplifies the solution of the
problem, while maintaining sufficiently high accuracy.

Three 1.Rods Ao, Two type of
type of calculated 5,1.Rods <G—>
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Arigid contN
of the cross-sectional

Figure 4: Work of main carrying-load elements with using
hypothesis of absolutely rigidity contour of the cross-section

The use of design hypothesis is not only of scientific value, but also has great value in
terms of methodology. Students are given a lot of time to study the theoretical foundations of
FEM, and software products that are based on this method. However, considerable user skills
are required to work effectively with these software programs and students don't generally
have the time to focus on enhancing their knowledge of them in order to understand the
subtleties of FEM, and hence gain maximum advantage from them. So, in order to make the
development process more profound for the students, the use of design hypotheses will allow
them to better understand the physics of the process, thus they become more adequately
prepared to address the problems of non-standard design.

The initial problem for the implementation of such an approach is also the easiest to solve

- the student must make a structural analysis program based on the beam model. It is best to
start with the Euler-Lagrange beams. Next, consider the influence of shear (Timoshenko
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beam) as well as the effect of warping, by using the hard-circuit hypothesis. Thirdly, consider
the effect of the deformation contour of the cross sections. The most suitable software
environment for small order equations is MATLAB. Next, they need to make a comparison of
simple examples of classical solutions by FEM and the design of an engineering model using
different hypotheses. Such an analysis makes it easier to understand the design operation and
to realize its influence over the main elements of the design parameters.

Numerous computational studies have shown good correlation between the results
obtained by the proposed model with the results of experiments and using traditional FEM.

3 CONCLUSIONS

1. Experience of use of various engineering hypotheses on the basis of the developed
model showed an acceptable accuracy of the results and its ease for use for the early stages of
design.

2. This calculation model with a variety of hypotheses allows occupying a wide
engineering niche between the traditional beam model and the classical FEM

3. The use of this methodology in the educational process has confirmed its
methodological value for students to gain in-depth understanding of the design methods.
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