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Proceedings of the 2"! Seminar AWADE

A form of cooperation between those involved in training aircraft design for the
aviation industry — Asian Workshop on Aircraft Design Education (AWADE)
successfully continued in 2017. This activity form in the field of aircraft design in
education involves diverse activities of AWADE (seminars and student Olympiads,
executing joint projects, preparation of educational and methodical literature, etc.)
and it has the main goal — to improve the process of training students in the aircraft
design field. The 2nd workshop like the 1st one took place at the Nanjing
University of Aeronautics and Astronautics. The important feature of the seminar
was joint sessions with the European Workshop on Aircraft Design Education
(EWADE), as well as a Skype conference with participants from Russia, Germany,
Ukraine, who were unable to come. The Proceedings of the 2nd Seminar AWADE
include reports of all the seminar participants and also the information about
EWADE seminar content which was held in Bucharest in frame of CEAS.
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Asian Workshop on Aircraft Design Education
AWADE 2017
Nanjing University of Aeronautics and Astronautics (NUAA), 17-20 October 2017

http://aircraftdesign.nuaa.edu.cn/ AWADE2017

PROLUSION
AWADE EXPANDS ITS BORDERS

All these components are close interconnectedness but at the 1st place stays education,
which provides the preparing of employees for the needs of the aviation industry in all three
mentioned components. It means that the education must be remained the most important an
urgent component and it should set the strategy of training. All who is connected with this
process of preparing specialists that meet modern needs for aerospace industry well knows
that this type of education is very specific, it requires maximum investment and it, in turn in
high level should be supported as from the side of science, so and from production. How to
make all disciplines more effective for studying, how to provide a better understanding it of
students, how to direct its ability to implement student fresh ideas and dreams. These
questions have always existed and always remain relevant.

In November 2015 for the solutions of such problem the college of Aerospace
Engineering of Nanjing University of Aeronautics and Astronautics initiated the creation of
Asian Workshop on Aircraft Design Education (AWADE). This workshop should be with the
assistance of experts in the field of the Aircraft Design. As a role model has been selected the
European Workshop on Aircraft Design Education (EWADE), which has existed since 1994.
But unlike the EWADE the Asian Workshop is considered as a wide field of activity. The
forms of AWADE activity in the field of aircraft design in education involves diverse
activities of AWADE: seminars and student Olympiads, executing a joint projects, the
preparation of educational and methodical literature, etc. AWADE has the main goal — to
improve the process of training students in the field of aircraft design.

In October 2016, the AWADE opened its official working in the first seminar format.
The 2nd workshop and like the 1st took place at the Nanjing University of Aeronautics and
Astronautics from the 17th till the 20th of October 2017. An important feature of this seminar
was a joint sessions with the European Workshop on Aircraft Design Education (EWADE), as
well as a Skype conference with participants from Russia, Germany, Ukraine, who were
unable to come.



Prolusion

The Proceedings of the 2nd Seminar AWADE includes reports of the all participants
of the seminar and also the information about content EWADE seminar which held in
Bucharest in frame of CEAS.

Presented by the authors of the reports are associated with many of the issues
discussed in disciplines related to aircraft design. These are questions scientific,
methodological, historical and problematic nature. In contrast to the first seminar in the work
of the second one were students reports. In the opinion of the organizing Committee it allows
you to better understand the level of students, their strengths and weaknesses. Students - the
participants made many suggestions which surely will be considered in future activities
AWADE.

AWADE has been continuing its work and we believe
that its activity forms would be giving positive results in future

Organizing Committee of the 2nd Seminar AWADE
October 2017
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WELCOME TO ASIAN AWADE AND EUROPEAN EWADE

Jizhou Lai
Director of International Cooperation Office
Nanjing University of Astronautics and Aeronautics
29 Yudao St., Nanjing 210016, P.R.China
e-mail: Ljz-ico@nuaa.edu.cn

Key words: Presentation, AWADE, EWADE, history, NUAA.

Abstract. The work was prepared based on the presentations at the joint meeting of Asian
and European seminars and includes basic information on these two areas: Asian Workshop
on Aircraft Design Education (AWADE) and FEuropean Workshop on Aircraft Design
Education (EWADE).

PRESENTATION

j cipation of EWADE 2017

Professor Lai Jizhou
Executive Director of International Cooperation Office
October 19th
Nanjing University of Aeronautics and Astronautics

Contents
1 | General Introduction to
EWADE and AWADE
- EEEE
3| Future Expectation &
Conclusion
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| 1. History of EWADE

1994
1st EWADE

| University of 25
Madrid . Participants
(ETSIA) 10 Countries

20 Years of Development
1994-2017

13 10
Seminars J Countries

Objective of EWADE

* 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.

_breriass| gy ®
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lst
Asian Workshop on
Aircraft Design Education

(AWADE)
NUAA, Nanjing
October 8" -16™" 2016
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2017
(EWADE + AWADE)

WADE

_bneiis| gy

2
e %

i
e 8

NANJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS

A Research Oriented University listed under “Project 211”

iao.nuaa.edu.cn
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g Establishment
of Graduate

National Key & : School

University [
1978

1952 1981 2002
Establishment One of the First Recognized as
of NUAA Universities in China Research Oriented
Awarding PhD Degrees University

_Etasiiss| gy

Location

lanjing City

» Capital of Jiangsu province

= Second largest city in eastern China after_
Shanghai. 9

» Established in 495 BC

Nan;lrg.. « 1 hour from Shangh a
Shanghai

Belfing
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NUAA Rankings

\ World’s

Top
200-250

| Universities in China Qs éub]ect Ranking Universities in China
| for Aerospace Studies Aerospace , Machinery for Research Grant
and Manufacturing per Faculty
Engineering

NUAA 39

Project 985 Universities
58 — -~ Universities with Graduate School

116 Project 211 Universities

Total: 2529 Higher Education Institutes in China Q
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*’ Programs and Students

) 2)
54 80 16

Undergradu rograms Postgraduate Programs Post-Do:torat Stations
® @ o

[
Postgraduates: 8,544 w

® ® ¢ o @ ® O
Undergraduates: 18,356 Nwwtwm
M ®
International: 1100 ww
*2015/2016 Data

Faculties and Staffs aw

745
564
| ‘ \ \
Professors Associate Lecturers Other Staffs
Professors

11 9 18

Faculties
&
Staffs

Members of the “Thousands State Level

Chinese Academy
of Sciences

Talent Program”  Talent Projects
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National Key Laboratories

= National Key o . 20 % National Key
' Laboratory EAE | Laboratory
“mz‘

Mechanics and - JR i Helicopter Rotor
Control of Mechanical > ~l e Dynamics
Structures 4 -

National Key ‘ MR National Key
Laboratory : ) ¢ ‘, Laboratory

£
. i 1.}
Air Traffic Flow !
Management ? ; Structural Strength

National

& Ministry of
Engineering L ; - ‘

Education

Research Centre Key Laboratory

Processing of

Difficult-to-Machine = i Intelligent Materials
Materials . Y and Devices

®
| Leading Researches

1. Aircraft Design

« Advanced Design Technology of Flight Vehicle,
« New-Concept research,

Engineering Mode! Development,
Helicopter and Unmanned Aerial Vehicle.
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@ Leading Researches

2. Structural Mechanics and Control

= MNonlinear Dynamics and Control
= Analysis of Aircraft Structure Dynamics and Centrol
* Ultrasonic Motor Technology
*» Intelligent Structures Applied in Aircraft g
* Unsteady Aerodynamics and etc.

L
21 "
12060 06121824 3

@ Leading Researches

3. Advanced Manufacturing

eading domestic position in
= Premise micro-fabrication,
Curved Surface Modeling,
Modeling and Fabrication of Titanium Structure,
Technology of Digital Assembly,
+ Automated Placement Technology of Composite

4. Navigation, Guidance and Control

» Airborne Precise Autonomous Navigation
= Advanced Flight control and simulation
« Smart self-repairing and Control and etc.
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5. Power Electronics and Power Drives

+ Air Power

+ Power Conversion
+ Special Motor Technologies have exerted great domestic influence

National Center for Human Factors
Mechanics Teaching Engineering Laboratory
| T = 2\

| L 'é ==

: =t :
Engineering Training  Mass Data Analysis Helicopter Research  Compressor Test Bench
Center Laboratory Laboratory

Colleges at NUAA

16

Colleges
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5 | Department of Civil Engineering

- : 98 Mex “" j |
i 4 Department of Ergonomics and Structure and Strength of Aircraft
l ' 398 ALK e @ Smart Materials and Structures

@ Aircraft Environmental Engineering

“FUndergraduates ™ Masters @8 pp

®

International Collaboration with
Universities and Industries

Collaboration with

80+

Universities
Worldwide

20+

International

Joint-Research
Labs

® COLLABORATION WITH UNIVERSITIES AND INSTITUTIONS

Strong Industrial
Links at Home and
Abroad

w5
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International Mobility for Students and
Faculties

100

. Incoming Facultles for
Coaporative
Research

:
N
'
S
Oulgeing Faculties

far Academic
Activilies

80+ Countries Studen;s; fsolru l;;aearch
Represented by

Current International Students

International Faculties and Academic
Activities

26 1 International

Academic
Workshops,
| Conferences & |
| Seminars every year 1 0

Full Time | ' Visiting
Foreign \ Professors
Faculties ‘

“China Friendship jes
Award”

Biggest Honor for

Dual/Joint Degree
» Programs in
E;:csw nisememro.  Partner Universities

Foreign Experts in China

3. Future Expectation & Conclusion

a. Aircraft design is one of the most vibrant sectors in our times.

b. Its rapid development has brought profound changes to our life as well as new
opportunities and challenges to human society.

¢. The development of the aircraft design education knows no national or sectoral
boundaries.

Thus, its sound use, development and governance
calls for closer international cooperation and joint
efforts to build a community of common future.

19
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all the participants, especially those from the |
other side of the video. for joining us and sharing your valuable |
rience and inspirations

that vour academic exchanges and discussions about |
the achievements will further promote the development of the
field of aircraft design

this workshop will create a new era for
strengthening the academic collaboration between China, Asian
countries and European countries, and also between you all and

NUAA

[ wish the conference a full success and all participants
every success and good health.

Jizhou Lai

20



Asian Workshop on Aircraft Design Education
AWADE 2017
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AIRCRAFT DESIGN EDUCATION AT NANJING UNIVERSITY
OF AERONAUTICS AND ASTRONAUTICS

Pinqi Xia
Dean and Professor, College of Aerospace Engineering
Nanjing University of Astronautics and Aeronautics, College of Aerospase Engineering,
29 Yudao St., Nanjing 210016, P.R.China
¢-mail; xiapq@nuaa.edu.cn

Key words: Aircraft Design, Education, Practice, Engineering, Innovation, NUAA. AWADE,
EWADE

Abstract. The presentation includes the basic information and aircraft design education in
College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics. The
aircraft design education emphasizes practice, engineering and innovation while
strengthening theoretical education. In recent 8 years, the students of aircraft design in the
college have won lots of national and international students science and technology
competition awards including the first-place in the Airbus Fly Your Ideas Challenge in 2011,
the first-place in American Helicopter Society International’s 33rd Annual Student Design
Competition in 2016 and so on.

PRESENTATION

G\ BERTRAKS

- U573 Nanjing University of Aeronautics and Astronautics

“ o
A

The 2™ Asian Workshop on Aircraft Design Education

Aircraft Design Education
at College of Aerospace Engineering
NUAA

Prof. Pinqi Xia
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The 2™ Asian Workshop on Aircraft Design Education

Celebrating the 19t Congress of the
Communist Party of China

No g p

¢

The 2™ Asian Workshop on Aircraft Design Education

"v- 1. Brief Introduction to the College

(1) Departments

Department of Helicopter Engineering (only one in China)
Department of Aircraft Engineering {fixed wing aircraft}
Department of Structural Engineering and Mechanics

{aerospace background)

@ Research Institute of Vibration Engineering

{2) Research Institute of Structural Strength

(3) Research Institute of Smart Materials and Structures
(3) Ressarch Institute of Pracision Driving

{5) Research Institute of Micro-Nano Devices and Systems

Department of Fundamental Mechanics and Testing
Department of Aircraft Environmental Engineering
Department of Aerodynamics

Department of Civil Engineering

22
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@ Total 314 faculty members

> 105 full professors
> 100 associate professors } 79.3%
> 44 assistant professors ‘

v 2 Academicians of Chinese Academy of Sciences

¥ 6 Distinguished Professors of National “Thousand Talents Program”
¥ @ National Chang-Jiang Chair Professors

¥ § Distinguished Scholars awarded by National Science Foundation
v 3 Distinguished Young Scholars awarded by National Science

Total 3895 students
1. Undergraduate students: 1943 (50.0%)
Master students: 1069 (27.5%) } 45.5%
Doctoral students: 700 (18.0%)
International undergraduate students: 145 (3.7%)
International graduate students: 38 (1.0%)

oI R

LGN

1. Aerospace Science and Technology
»Aircraft Design
»Aircraft Environmental Engineering

JARATAIN

23
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2. Mechanics
»>Dynamics and Control
>Solid Mechanics
»Fluid Mechanics
»Engineering Mechanics

R

}

foundedin 1995
Research Areas:
@ Rotor Aerodynamics

= @ Aeroelastic Dynamics of Rotorcraft

@ FlightDynamics and Flight Control of Rotorcraft
@ Conceptual and Structural Design of Rotorcraft

) Netior gl SRR

2. Mechanics and Conftrol of Mechanical
Structures, founded in 2011

= Research Areas:

‘ @ Structural Dynamics and Control

@ Structural Strength

@ Vibration Utilization and Precision Driving
— @ Mechanics of Micro-Nano Systems

= & Smart Materials and Structures

24
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». 2. Aircraft Design Education

" smaw szsw mpay gzaw m==s sseg

Innovation Center for Student Practice
The 2™ Asian Workshop on Aircraft Design Education

. ¥ v 2. Aircraft Design Education

[TV

AR

The 2™ Asian Workshop on Aircraft BulmEﬂnltbn

! 'y 2. Aircraft Design Education

M)
— Strengthen Practice and Pay Attention to
= Engineering
1. Teaching experiments in curriculum including all professional

= courses and some experimental courses
—— 2 Curriculum Design for courses of mechanical design, aircraft
~— conceptdesign and aircraft structural design

- 3. Practice in Aviation Industry Company for half a month
__ 4. Final year project for one semester (team work and chief

designer model)

: 5. Innovation education including innovation courses and practice

- forfour years which is required with 1 credit

25
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National Experimental Teaching
Demonstration Center for
Aeronautical Engineering

SEARABERNE

| - S
National Engineering Practice Education Aerospace Museum at
Center for Aeronautical Aerodynamics the College

.rv 2. Aircraft DESIQI“I Educatior

Winnng Prizes of Student Design Competitions by Aircraft
Design Students at the College, NUAA

(L “l

Sl NationalLevel PravindalLevel |
=| T | fov | Vst | Soccesd |Third | Other | Fist |Secema Third
==2009 | 1 10 6 16 | 18 | 6 |10 | 17
— 2010 4 6 4 4 6 | 5 2
—20m 1 7 5 18 14 16 13 9
— 2012 3 2 7 2 2 10 8
— 2013 4 3 6 24 5 15 4
— 2014 1 17 21 18 1 14 21 29
— 2015 3 17 | 18 15 | 28 14 5
— 2016 1 7 7 7 18 8 12 | 13
—| Total 18 59 73 | 107 | 82 99 89 | 87

The 2 Asian ¥

.r" 2. Aircraft Design Educ ;m«ﬁ.w
_Zfimi_wa — NUAA undergraduate student

team won first-place in the
— g AL Airbus Fly Your ideas
= Rrbes Ty ur e s Challengein 2011. More than
-~ iy Zheng 120 thousands students from
= Team Wings of Phosnix 75 countries in the world
K T " pﬂlm-llme ti
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i

ll

NUAA undergraduate
e e e L - - student team won first-place
nternationa - - =
| Sl:ucdenil Design :Z;rl;?pe:il?on in American Helmptel'
o Sponsored by Rl Helicopter Tevzrve, Inc = AI‘II'I ml smdent Dﬂsigl'l
Wer Yan PR -
Saeried 2 compelﬂ_lon in 2016. This
R : the first time that a non-US
(PRI v E
e ; team won first place in the

..‘;l;ﬂ:i’u-w““."qm-qﬂi: .
[ AR i 03 RS RS

The 2™ and 3™ place teams in
this year are from GeorgiaTech
and PENN State, respectively.

Suggestion for AWADE holding year

‘2015 2016 2017 2018 2019 2020 2021 2022 ...

m 12 130 14m 15n
m 12 ond g an 50

I

|
Lt

INIATRIITAAN

Author

Pingi Xia
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FUTURE TRENDS IN AIRCRAFT DESIGN

Anthony P Hays

Aircraft Design and Consulting
San Clemente, California, USA
Email:ahays@alum.mit.edu Web: www.adac.aero

Key words: Aircraft design, aircraft design trends

Abstract. This paper provides an overview of future trends in aircraft design with a
concentration on fixed-wing transport aircraft. Examples include ideas that are not necessarily
new, but have resurfaced, and may yet submerge again, and designs that are new but do not
require new technology, plus a few designs that are reliant on evolving technology. The paper
concentrates on designs themselves, rather than supporting technologies, such as propulsion,
structures, stability and control, or aircraft systems. The author offers opinions, for what they
are worth, on the probability of success.

1. INTRODUCTION

Many new (and some not so new) aircraft design concepts have emerged in the past few
years, and especially in the area of commercial aircraft design. Many of them appear, or claim, to
be superior to the conventional tube and wing concept of all current commercial aircraft designs.
But the tube and wing, with engines mounted on the wing, have beneficial characteristics that are
not always apparent to the casual observer, such as the short load path between engine weight
and wing lift, and engine inertia loads on landing and landing gear reaction loads. Center of
gravity travel is short, and a long tube gives the horizontal stabilizer a large moment arm to
balance flap pitching moments. The landing gear bogies usually fit snugly into the fuselage
behind the wing box. Deviation from this layout often results in significant weight penalties, as
experienced by rear-engine configurations such as the Vickers VC-10. Many novel concepts may
look attractive at first sight, but detailed analysis often reveals significant penalties that negate
the (usually aerodynamic) benefits. Very different requirements often drive military designs, and
the dominant requirement is usually that of low observability in certain regions of the
electromagnetic spectrum. There are still opportunities for design improvement, although much
of the work is classified.

2. TRENDS
Historically NASA has taken the lead in developing new design concepts, starting with
the Bell X-1, up to the ESAero/Tecnam X-57 (Fig. 1). Not all the X-planes achieved their
original design goal, but all of them expanded the field of knowledge in aircraft design. For
example, the Bell X-3 was designed to fly at Mach 3, but was so seriously underpowered that it
failed to reach Mach 1 in level flight. However, much was learned about titanium construction
and the phenomenon of roll inertia coupling, thanks to the airplane’s low moment of inertia along
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its longitudinal axis. Largely because of the Cold War between the Soviet Union and North
Atlantic Treaty Organization (NATO) members, the earliest X-planes evaluated concepts that
were of benefit to military designs, but that emphasis is now shifting somewhat towards
commercial aircraft. Of particular interest in recent X-plane designs are the Boeing X-48, a
subscale remotely-controlled blended wing body, and ESAero/Tecnam X-57. Both of these X-
planes may provide the groundwork for radically new transport aircraft.

1046 Ben -1 o . 1984 Grumman x-29
supersonic flight forward-swept wing

1994 B X2 3 // 997" Boeing ¥-35

swept wing ’ tailless agility

19921 pougias X-3 o (2007 Bocing X-48
trapezoidal wing a > . hlended wing body

1948 Northrop X-4 ' 2006 Boeing X-53
semi-tailless : active aeroelastic wing

A p—— 2012 inX56 B
1051 i 5 = 8 120121 ockheed Martin 56 §
variable-geometry wing Sl ﬁ | active flutter suppression §

1999 North American X-15 X | 2018 EShero X-57

Sos distributed electric
hypersonic flight S

Figure 2: Boeing Strut-Braced Wing
Figure 3:Span efficiency for Various
Optimally Loaded Nonplanar Systems
(height/span = 0.2)

One idea that has resurfaced is the strut-braced wing concept for commercial transport
aircraft (Fig. 2). However, wing-strut interference drag is of serious concern, and there is no new
technology to reduce it, so it’s unlikely that the concept will fare any better than it did with the

29
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Hurel-Dubois HD.31, a strut-braced wing commercial airliner introduced in 1953, of which only
11 were built. It had a cruise speed of only 146 kt (75 m/s).

In 2005 Tlan Kroo published a paper on non-planar wing concepts (Ref. 1), and one figure
in the paper showed the left-hand side of Fig. 3, taken from Ref. 2. The box-wing concept, with a
span efficiency 46% higher than that of a planar wing of the same planform area, solicited much
interest. Unfortunately, the right-hand side of the figure was not shown, and that would have
revealed how the high span efficiency was achieved. The higher span efficiency of a biplane is
already well-recognized, and joining the wing-tips has an effect similar to that of winglets,
adding 10% span efficiency (as indicated by comparing the span efficiency of the biplane and
box wing in Fig. 3) but without any penalty in adding planform area, because the surfaces are
vertical.
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Figure 5: Boeing Joined Wi

The box wing consists of two very high aspect ratio wings joined by
winglets. Implementation of this concept is fraught with difficulty, as shown by Fig. 4, with
issues such as:

e If each wing has the same thickness/chord ratio as a monoplane wing, and assuming that
each wing has equal area with the same total area as a monoplane, then each wing has
one-quarter of the fuel volume of the monoplane, and the aircraft therefore has one-half
the wing fuel volume. It would be very difficult to find where to put fuel for a long-range
configuration.

e The landing gear must go in fuselage pods, which add structural weight.

e For longitudinal static stability, the forward wing must operate at a higher lift coefficient
than the aft wing. With aft-located high bypass ratio engines, it is unlikely that this
configuration would balance without moving the forward wing aft, reducing the stagger
benefit.

e The aft wing would have difficulty resisting the torsion moment applied by the engines.

The joined wing is a variation on this concept and offers some benefits in wing bending moment
(Fig. 5), but the strut (or aft wing), is in compression and cannot take a large compressive load.
It may have an application for an omnidirectional phased-array radar (as appears to be the case in
this configuration).
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Figure 6: MIT Double-bubble Fuselage Figure 7: Propulsion System
with Aft-mounted engines with Angled Gas Generators

Another interesting configuration is the MIT-developed double-bubble, laminar-flow wing
configuration (Fig. 6). There is nothing particularly novel about this configuration, and with three
adjacent engines, it is unlikely that the airplane could meet the FAR requirement for a less than
5% probability of uncontained failure of one engine causing failure of the other. One novel
engine layout for a twin-engine aircraft, suggested by Pratt & Whitney, is to use an engine
configuration similar to that of the PT6, with the gas generators angled such that uncontained
compressor or turbine failure would not result in damage to the adjacent engine (Fig. 7).

Figure 8: Airbus Unducted Fan Airliner

There is also the possibility of the three-surface configuration making a comeback. The best-
known application is on the Piaggio Avanti, for which it was used in part to keep the wing spar
aft of the cabin. Airbus is considering using it for a different purpose, this time to enable the
wing, horizontal and vertical stabilizers to partially shield the noise from the counter-rotating
blades of the unducted fan (Fig. 8).
Another innovative concept is the blended wing-body configuration that has been pursued by
Boeing for over twenty years (Fig. 9). Advantages of this configuration include:

e Cruise at higher lift/drag ratio

e Noise shielding of jet engines

e Cruise at low lift coefficient
Offsetting these, some disadvantages are:

e Increased weight of non-cylindrical passenger cabin
Difficult passenger ingress/egress
More difficult engine access
Cannot trim for high lift coefficient flaps

31



Anthony P Hays

e Non-uniform flow into engines at high angle of incidence
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Figure 11: DZYNE Executive/Regional Jet
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Figure 10: NASA Contract to Evaluate
Non-circular Pressurized Structures

Figurel2:
Lockheed Hybrid Blended Wing-body

Greater knowledge of this configuration is slowly being accumulated. Under contract to

NASA, Boeing designed a section of the passenger and cargo structure using composite materials
(Fig. 10). One of the goals was to be able to estimate the weight of this structure. Boeing also
built two radio-controlled subscale models designated X-48B with a 21 ft. (6.4 m) wingspan to
examine low-speed flight control characteristics. One of the models was converted to the X-48C
variant, which involved moving the vertical stabilizers inboard and extending the aft fuselage to
provide some jet exhaust noise shielding and increased pitch control. The blended wing-body is
most likely to find an application for cargo aircraft, but a potential passenger application is for a
regional or executive jet, as suggested by DZYNE Technologies (Fig. 11).
Military aitlifters are usually required to operate in shorter field lengths than commercial aircraft,
and this requires either a larger wing or the use of flaps. Typically, flaps are the preferred
solution, and the pitching moment from flaps must be trimmed. For this a horizontal stabilizer is
required, resulting in a hybrid blended wing-body as illustrated in the Lockheed concept of
Fig. 12.

Putting engines on top of the wing is not new. It was successfully proven on the VFW-
Fokker614 regional jet, which was first flown in 1971. Putting engines on the rear fuselage or on
top of the wing is attractive for regional or executive jets, because it permits the fuselage to be
closer to the ground, and this allows easier passenger boarding or exiting without a passenger
boarding bridge. Putting the engines on top of the wing rather than on the rear fuselage reduces
fuselage bending moments, reduces center of gravity travel, and shortens landing load paths,
although these effects are more important for an aircraft with a long fuselage. This has been
implemented on the HondalJet (Fig. 13), which received a FAR 23 Type Certificate in December
2015. It has a cruise Mach number of 0.64 and maximum Mach number of 0.74. For a
conventional wing/fuselage configuration, at higher Mach numbers there is a risk of interference
between the upper surface shock and the engine inlet, and this limits the operational envelope for
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this type of layout. A hybrid wing-body typically operates at a lower cruise lift coefficient and
may be able to operate at a higher cruise Mach number with over-the-wing nacelles.

Figue 13: Honda HA-420 Honda Jet Figure 14: Lockheed Martin Mach 1.6 Airliner

As for supersonic cruise aircraft, the future is still uncertain, although that has not stopped
many design offices from trying to produce a feasible supersonic aircraft. Although the U.S.
domestic market no longer dominates commercial operations, the current federal ban on
supersonic operations over the United States, except for designated supersonic corridors for
military aircraft, inhibits the introduction of supersonic commercial flights. NASA is in the
process of developing a manned X-plane that will replicate a low sonic boom representative of an
aircraft flying at about Mach 1.4, and fly the airplane to gauge public reaction in the hope of
overturning the federal prohibition. In the meanwhile, Lockheed Martin has designed a low boom
81 passenger Mach 1.6 airliner with a range of 4000 nm (7408 km) (Fig. 14). There is also
interest in a supersonic business jet, but unlike blended wing-body configurations, the supersonic
passenger-carrying configuration cannot easily be scaled downward. Low boom aircraft requires
a very high fineness ratio (length/diameter ratio), which results in a small cabin cross-sectional
area for a supersonic business jet (Fig. 15). It is questionable whether a typical passenger would
want to be restrained by such a small space.

There have been many attempts to develop a roadable aircraft. One of the recent efforts is
the Terrafugia Transition (Fig. 16) with a cruise speed of 87 kt (45 m/s), range of 356 nm (659
km) with 30 minutes reserves, and a useful payload of 500 Ib (267 kg). Although the aircraft has
been in development since 2006, delivery of a production vehicle is not expected until 2019.
With a price tag of over US$300K, it is questionable if there is sufficient demand for such a
vehicle. Car rental desks at general aviation airports might appear to be the preferred solution.

Figure 16: Terrafugia Transition

Figure 15: NASA/Bocing Supersonic Business Jet

There is a requirement for a low-observable replacement for the venerable Lockheed C-
130, which first flew in 1954. Propellers are out, so some means must be found to provide the
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same order of takeoff and landing lift augmentation that propeller slipstream provided for the
C-130. One possibility is a configuration such as that designed by Lockheed Martin for the U.S.
Air Force Research Laboratory’s (AFRL) Speed Agile program (Fig. 17). This aircraft has a
tactical radius of 500 nm (526 km) and takeoff field length of 2000 ft (610 m) with a full load.
The aircraft uses a patented combined ejector lift and thrust reverser inboard, and circulation-
controlled internally blown flaps outboard. Figure 18 (from Ref. 3) shows the settings for cruise
(top), augmented lift (middle), and thrust reverser (bottom). In 2011, a 23% scale model was
tested in the Arnold Engineering and Development Center (AEDC) wind tunnel to test the hybrid
powered lift system using Williams FJ-44 engines to obtain data on lateral directional stability,
ground effects, aircraft and engine performance, and engine operability.
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Figure 18:Lockheed Martin Speed

Figure 17: Lockheed Martin Speed Agile Concept Agile High Lift and Thrust Reverser
System

The trend towards unmanned aircraft continues for the military. A considerable amount of
weight is saved in not requiring a cockpit and its contents, and the airplane can be involved in
combat conditions without risk to a pilot’s life. The X-47B technology demonstrator (Fig. 19)
successfully proved the capability of unmanned carrier operations. Although designed as an
unmanned combat air system demonstrator (UCAS-D), in February 2016 the U.S. Navy changed
its role to reconnaissance and aerial refuelling.

et B

Figure 19: Northrop Grumman X-47B

Figure 20: Boeing Optionally-piloted NGAD

The follow-on to the F-22, the Next Generation Air Dominance (NGAD) fighter, will
probably be unmanned, although bets are being hedged by designing the aircraft as being
optionally piloted. It’s quite possible that the primary combat scenario will involve attack at
beyond visual range (BVR) conditions, and combat maneuverability will be subservient to low
observability. The airplane may well be tailless (Fig. 20). Only one thing can be assured, and
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that is that it will not look anything like any of the promotional images provided by the likely
prime contractors.
The ESAero/Tecnam X-57 Maxwell is being

developed by NASA to demonstrate the use of all- "

electric propulsion. All fourteen propellers are used N

during takeoff, but only the outer two at cruise. The - - »
slipstream of the twelve inboard propellers will L__.K-."‘.__.a«"‘"
provide lift augmentation that will permit a higher '-!,

design wing loading of 50 Ib/ft* (244 kg/m?) as
compared with the baseline Tecnam P2600T with 17
Ib/ft*(83kg/m?), as illustrated in Fig. 21. The
demonstrator will use batteries with a specific energy
of 200 Wh/kg, although the aircraft would 400-500
Wh/kg to be economically feasible. Range will be
about 86 nm (160 km).

Figure 21: ESAero/Tecnam X-57

3. OTHER TECHNOLOGIES

Although this paper concentrates on design rather than technology, it would be remiss of the
author if the enormous time and effort in contributing technologies were not given their due,
especially for advances in computational fluid dynamics (CFD) enabling rapid aerodynamic
evaluation of new configurations, composite materials, 3D printing of parts that could not be
manufactured using conventional machine tools, innovative propulsion systems, and in particular
those designed to wean aircraft propulsion off carbon-based fuels (as must eventually happen),
advanced cockpit systems to reduce the probability of pilot error, ...the list is endless.

4. CONCLUSIONS

All these design innovations and technologies contribute towards a more economical
transportation system, allowing more people to travel and befriend others from different cultures
in distant places, and to provide a more secure defense system against those, who are not so
friendly. Data from research by Kiichemann et al. (Ref. 4, Fig. 1.4) show how the introduction of
an improved transportation system can transform people’s lives, and this is especially true of air
transportation. Continued improvements in air transportation will permit an even greater
percentage of the world population to travel.
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Abstract. The work is examined and analvzed examples of some "designs" created by nature in
the process of long evolution, which are real models for imitation and admiration. On such
samples and examples, young designers can hone their knowledge and accumulate experience in
designing truly optimal objects.

1. INTRODUCTION

A designer is a specialist who creates the construction of some simplest element,
mechanism, unit, apparatus, vehicle, including such a complex as a flight vehicle (FV). The
designer must have a broad outlook. To learn and improve this skill a person must spend his
whole life to study: at school, at university, at his workplace in a design office and even in
ordinary domestic life. The objects for such studying, which is essentially the design analysis,
can be found infinite set starting from what a person did at the beginning of his existence on the
Earth, up to the most sophisticated technical systems.

The design process is an amazing combination of science and art. If the term science is
obvious and understandable, then art is a very broad concept. In this case, we mean by art, visual
art, that is, the visualization of some created object through some kind of imagination, experience
and intuition.

In ancient times, the creators of unique building structures did not have computers, the
finite element method, scientifically valid plate and shells theories, optimization theory and other
attributes, in which the modern designer needs, like air and water to any living organism.
Incredible intuition, a sense of harmony and appeal to natural examples helped the designers of
antiquity create masterpieces, which still cause us all admiration. And the so-called component of
art was their main. Unfortunately, the complete computerization of the design process keeps
pushing the designer away from what we usually call art. But to create something unique, you
often need to push aside the usual framework, including the scientific framework. And here, as
such an amazing helper for the constructor, nature will act with its unique works.

Many millennia ago a man became a designer, at first to survive, and later - to satisfy his
vital interests. His designed objects had been complicated, ranging from a pointed stick in the
flame of a fire, to an aircraft with space velocities. In the first case he was helped by forest fires,
from which he extracted his first weapon. In the latter case, he compared the aerospace aircraft
he created, which is reentering from orbit, with a falling meteorite.
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Any object was created (projected) by someone. However, the design philosophy is quite
general. The difference in the design is only what requirements are imposed on the object being
created, what is used as a role model (a kind of prototype), what level of mastery the designer,
what tools can be used for design and many other features. But his majesty the designer-nature
remains for the human-constructor the brightest teacher and a good example how need to design

& -

Figure 1: From simple pointed stick to acro-space-craft

The above two examples in Fig. 1 correspond to one-time natural effects. But in this case
we are interested in examples related to the evolution of the object, as a result of which some sort
of optimization was carried out, and for any person involved in the construction is very useful in
understanding this process from the point of view of modern scientific data and his personal
experience.

It is not accidental that a new science appeared in the 20th century - bionics, whose
purpose is to use in engineering the principles of the structure of biological systems and
processes occurring in living organisms.

All samples designed by nature are good and often just ideal examples for the
development of design thinking for beginners and for the improvement of already experienced
designers.

The designer task in the analysis of natural design achievements is not just to ascertain,
but to understand the design of the great designer - nature, in analyzing what was done to try to
use a similar idea in FV.

2 MAIN PART

Analysis of natural objects can be performed according to the following scheme:

- the main feature of the analyzed object;

— the object form;

- load-carrying structure;
using materials;

- kinematic structure.

About the main features

A person is very proud of one of his great inventions — it is a wheel. Nature did not go
this route to ensure the movement of its objects. When Nature was creating its compositions, it
might seem to her that the coefficient of friction-rolling is quite large, or the realization of this
principle with the use of the transmission it turns out to be too complicated. Perhaps that's why
nature came up with a very simple implementation of the reactive principle of motion, using a
direct reaction. The principle of jet propulsion due to the direct reaction used by jellyfish,
octopuses, squid (Fig.2, a) by throwing water had been noticed long time ago. The "engine" used
by these inhabitants of the seas would be more correctly called a pulsating hydro-jet. One of the
first who realized the principle of direct reaction was Heron of Alexandria. One hundred and
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twenty years before the beginning of our era he created the first jet steam turbine (Fig.2, b). In
1680, Isaac Newton proposed a project of "reactive carriage" (Fig.2, ¢).

Figure 2: Realization of the principle of jet propulsion: a — jellyfish, squid and octopus; b — Heron of
Alexandria and his jet turbine; ¢ — Isaac Newton and his idea of a carriage with jet thrust; d —V-1 flare
missile and a PWRM operation scheme: 1 — air intake into the combustion chamber; 2 — fuel supply; 3

— ignition of the air-fuel mixture from the spark plug and closing the inlet valve; 4 — flow of
combustion products through the nozzle and the creation of a reactive traction force

They say that Swedish inventor Martin Wiberg has a claim for having invented the first
pulsejet, but these details are unclear. And Russian inventor and artillery officer N. Teleshov
patented a pulsejet engine in 1864.

After 80 years, this type of engine was realized - in 1944 the German cruise missile V-1
(Fig.2, d) was completed, equipped with a pulsating air-jet engine with a thrust of 2.9 kN.
PWRM, whose operation principle corresponded to the natural analogs shown in Fig.2 a. He
provided the FV with a starting mass of 2,160 kg, a flight range of about 300 km and a maximum
speed of up to 700-800 km/h. Such type of engine is considered to be the simplest. And not for
nothing there is a proverb — “All ingenious is simple”.

About an object form

Design is at the same time science and art, it is analysis and synthesis, the search for the
original, the new. The study of the forms of living nature nourishes the imagination of artists-
designers, gives material and helps to solve the problem of functional harmony and aesthetic
principles, enriching the formal means of harmonization in search of the most expressive
proportions, thythm, symmetry, asymmetry, etc. And not for nothing that there is a regularity,
which the well-known avia designer Tupolev said — “Beautiful planes fly better”.

As a rule, the form aesthetics of industrial products are closely connected with utilitarian
principles, and in nature there is a close relationship between function and form, and this is
perceived as a special aesthetic property of living nature. Borrowing from the nature of the
design, the designer takes also natural forms that cause certain aesthetic emotions. Natural forms
give the product a specific character.

A person does not always immediately understand the plan of nature. For example, it seems
to us that the sharp-pointed form from the ship gives it some kind of swiftness. Japanese scientist
Tako Inui theoretically and experimentally proved that the pear-shaped form of the whale head is
more adapted to movement in water, rather than the knife-like shape of the bow of modern
vessels. The tests confirmed that the "cetacean" ship is economical - the power of its engines is
25% less, and the speed and payload are normal. Aviation designers always preferred the drop-
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shaped form of aircraft for subsonic speeds, which provides them the less aerodynamic
resistance.

Very often, questions of external shape, proportions and sizes are associated with the so-
called "golden ratio", which is considered a measure of harmony and beauty.

Infinite series ¢=1.6180339887... A strange, mysterious, inexplicable thing: this divine
number mystically accompanies all living things.

For the first time the term "golden ratio" was described by Euclid in his 2nd book of the
"Principles”, written in the III century BC, where its geometric construction is given, which is
equivalent to solving a quadratic equation of the form b (a + b) =a”.

Nature has divided into symmetrical parts and golden proportions. We see in both the plant
and animal world the formative tendency the symmetry with respect to the direction of growth
and motion-persists. The golden ratio is manifested in the proportions of the parts perpendicular
to the direction of growth — Fig.3.

PN Golden
£ & a0 9=9EL=0-b_ -5 1-40.6180339887...

Figure3: Stalk of chicory growing according to the rule of the golden ratio

Without going into the various historical details of the this unique number use in all areas
of human activity, we note that in the field of technical design this rule, providing some kind of
harmony in form and size, has become firmly established in the designer's for its use. In Fig.4 the
projections of fighters with the size a binding to the basic aircraft characteristics (aircraft length,
wing span) are shown and the size b=a/p is noted, which can be used for selecting other
characteristics.

b=a'p
g=1.618...

Figure 4: Analysis of aircraft shapes with using of golden ratio:
a—Su-27; b — Su-34; ¢ — T-50; d — F-22
People have long noticed the harmony of forms. One of the first such objects was the five-
pointed star. It had been already in the man-made works for about 3000 years ago. The perfect
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form of this figure always attracted the attention of a person. The five-pointed star contains a
number of golden ratio ratios. And it is no coincidence that the five-pointed stars are on many
flags and symbols (Fig.5).

Figure 5: Five-pointed star in nature, in science and in life

If we analyze the newest fighter of the 5th generation J-20 in terms of the proportions
available in the five-pointed star, we will see how its external shape fits well with this amazing
geometric figure.

Figure 6: Geometrical analysis of fighter J-20 shape

Creating the interior designers must take into account the aesthetic side of the object, for
example, when creating a crew cabin or passenger cabin. This makes not only an attractive
interior, but also provides an opportunity for comfortable accommodation of the crew,
passengers, provides the best conditions for work and leisure - Fig.7.

Figure 7: Geometric proportions in nature, painting and interior of the cabin of a passenger liner
And it is not by chance that good designers, as a rule, are not indifferent to nature, they

can paint themselves well, they know and understand painting well. One of the most striking
examples of this is Leonardo Da Vinci - a great painter and no less than a great designer.
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About load-carrying structure

One of the main rules of the aircraft designer is the rule that the design must have a
minimum mass and must carry the maximum load.

The most striking examples of such a rule are the structures of the bones in birds.

The human skeleton is also an example of a rational relationship between the weight and
strength of a structure.

In the middle of the 19th century, the Swiss professor Hermann von Mayer investigated the
bone structure of the femoral head. The head is covered with a network of miniature partitions
with a strict geometric structure, so it does not break down under the weight of the body.

And then, twenty years later, being impressed by this research, Gustav Eiffel created the
design of the famous tower. As a basis, he took the proportions of the human tibia, but his
creation weighs 9,000 tons and rises by about 300 meters.

Figure 8: The rational constructions of nature and man:
a —the femur bone and the spongy structure of its head; b — Eiffel Tower in Paris with a fragment of
the design; ¢ — the tower of V. Shukhov in Moscow

The French engineer had many followers. Russian engineer Vladimir Shukhov also created
the tower in Moscow on the basis of the human skeleton structure. Originally it was planned that
the height of the tower would be more than 300 meters, but the quantity of metal had to be in
three times less than the consumption of the tower in Paris. But due to deficit of metal, the tower
was built only 150 meters high.

The designer, analyzing aircraft, first of all draws attention to the mass of the structure,
which ensures the perception and transmission of the current load to the total mass

Ws=n1s/ng
where mg is the mass of load-carrying structure, my is the total mass.

The human skeleton mass is about 10% of its total mass. Rare aircraft have such a unique
design. One of the heaviest flying birds is considered a bustard, its mass reaches 20 kg, while the
mass of its skeleton is only 110 g.
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0 0.05 0.10 0.15 0.20 w=m/m,

Figure 9: The relative mass of load-carrying structure different objects:
birds, human, aircraft, rocket

Minimizing the mass can reduce the rigidity of the structure. In Fig. 8, we have already
given an example of a beautiful solution of nature to provide the necessary strength and rigidity
of human bones. In 1930 years, aircraft speeds began to grow and aircraft designers encountered
the phenomenon of dynamic aeroelasticity of winged structures. There were numerous victims
before the reason for the destruction of the structure became clear. This was due to self-
oscillations of the flutter. The designers have learned to overcome this problem, in particular, by
shifting the center of mass forward due to the installation of special anti flutter loads Fig.10

Figure 10: Means of combating with flutter on the wing of a dragonfly and on the whole-feather plumage

The brightest examples of an amazing natural construction are bee honeycombs —
hexahedral prisms, arranged in parallel rows. Each row of bee cells is laid with a "dressing", as
masons do, building a brick wall.
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Only in 1930, the man developed this idea in a sandwich panel, which is a three-layer
structure consisting of the upper and lower skins and the honeycomb layer between them.
American architect Frank Lloyd Wright proposed such sandwich panels in building structures.
The main idea of this invention was a combination in panels of lightness and high rigidity.

In the 1940s thin plywood hulls and fuselage with honeycomb filling were already used in
the design of the English airplane De Havilland "Mosquito". In 1944, after the appearance of the
phenolic glue, the first all-metal glued laminated panels with a honeycomb (honeycomb) filler
were made.

Figure 11: Manufacture of honeycombs by bees, humans
and their application in honeycomb panels on airplanes Mosquito and B-58

Often the elements of small thickness are completely filled with honeycombs: rudders,
ailerons and all-turning tail planes of supersonic aircraft. The largest number of honeycomb
panels from the total weight of the aircraft structure was used in the B-58 bomber.

Their application gives a number of advantages over solid structures: low mass and high
rigidity; specific static strength is greater by 20-40%; stability at longitudinal compression is 2-4
times higher; the number of parts entering the assembly or assembly is 3-4 times less; more
smooth surfaces of assemblies and units; thermal insulation properties are 3-5 times higher;
acoustic characteristics are better by 3-5 times.

But the designer should also understand their shortcomings: the complexity of quality
control of the glued joint of the skin and the honeycomb core; accumulation of condensate inside
the panel, which can lead to acceleration of the corrosion process; relatively high manufacturing
cost; labor intensity of manufacturing and design is more by 15-20%.

About using materials

The natural materials, in particular the composites, are amazing. One of the brightest
representatives can be a tree, a plants. An ancient man used first the idea of composite materials
when he added to clay bricks the straw. Such brick had been lighter and strengthen. The
construction of a modern passenger liner consists from already 50% complete with composite
materials.
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Figure 11: Composite materials in nature and in engineering

Nanotechnology, which has become one of the most innovative sciences, has good
patterns in the example of materials created by nature — Fig.12.
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Figure 12: Create new materials from nanotechnology, using nature's experience.

About kinematic structure
The real treasure for kinematic-related developers is the natural analogies - Fig.13.
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Figure 13: Kinematic samples for modeling and thinking for

3. CONCLUSIONS

Students who have made their choice of science to follow on new unopened paths often
ask themselves-what can be opened when everything is almost open? The examples cited show
some of the ideas and approaches that have been taken from nature. And that's just a small part of
what's used. As experience in recent years has shown, the most striking discoveries occur at the
crossroads of different Science. In this regard, one of the shores of such a course is nature, with
its examples and millions of evolutionary experiences.

)‘

Figure 14: Design is art and science
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Abstract. The work focuses on the most important issue of design aircraft — selection of
structural material that largely determines the success of any project. This problem is discussed
on the examples of Antonov Company.

1. INTRODUCTION

In modern aircrafts such as planes, helicopters and rockets, hundreds of categories of
materials are utilized for different functional purposes. For the leading world aircraft
manufacturing company Antonov during different time frames, the ratios between various
materials, which are used for the manufacture of subsonic airplanes, are unequal (Fig. 1).
However, the ratios don’t differ obviously from An-32(1976) to An-178(2015).

(a)

Corrosion resistant steel 3,2 %

Aluminium alloys 73,4 %
Structural steel 10,6 %

An-32 (1976 year)

(b) Corrosion resistant steel 2,9 % Titanium alloys 7,0 %

Composites 16,5 %

Structural steel 10,7 %

Aluminium alloys 62,9 %

An-70 (1994 year)

(c) Titanium alloys 8,0 % Composites 16,0 %

Structural and corrosion Other materials 1,5 %

resistant steel 4,5%
Aluminium and other non-

ferrous alloys 70,0 %

An-I78 (2615 year)

Figure 1: The main materials applied on the Antonov planes during different periods of their
creation (in the brackets there is the year of the first flight)
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2. MAIN PART

As shown in Fig. 1, the main constructional material (65-75%) is aluminum, more precisely
its alloys for many years. Except aluminum alloys, structural (middle- and high-strength) and
corrosion resistant steels (8-10%) and titanium alloys (3,5-8,0%) are take a noticeable place as
the structural materials for airplanes. The fraction of magnesium alloys in the application of
aviation constructions decreases in recent years due to their low corrosion resistance which fails
to satisfy the increase of airplane lifetime. On the other hand, the fraction of titanium alloys in
the use in aviation increases for the superior corrosion resistance. The volume fraction of
composite materials increases significantly, which include nonmetallic and, to a lesser extent,
metallic matrix. The composite materials make up to 20% of the airplane weight according to the
estimate from most of the aircraft manufacture companies in the world. For example, the weight
fraction of carbonic and epoxy composite is 50% for the Boeing 787 Dreamliner, which is the
record in use of the composition materials so far.

In terms of the material choice for different components of the airplane, first of all, we need
to pay attention to the mechanical strength and rigidness with the minimum mass, which gives
hint on the maximum weight efficiency of the materials. The weight efficiency of material is
estimated by the specific strength of c,/p, specific rigidness of E/p and specific crack resistance
of Ki/p, where o5, E, Ki. and p are the tensile strength, elastic modulus, fracture toughness and
fracture of the materials, respectively.

From the physical point of view, the specific strength can be described as the maximum length
that the material fails in the force of gravity of Earth (gravity constant, 9.8 N/kg) without other
loadings, and is measured in length, as described by Eq. 1:

oy | 98- -kg/m’|
b” W/ }”mm @

When analyzing the operating conditions of the airplane in details, it is possible to draw a
conclusion that most of them work in the conditions of other forces beyond gravity. To compare
two different materials in the case of such loadings, the ratio of their masses will be expressed

by:
« under the terms of strength
2/3
mo_ [hj L4 )
m, O d,
+ under the terms of rigidness
1/2
mo_ £ 4 3)
]]72 EZ d2
and the ratio of sections of two components under the load will be:
1/4
S _[ L5 (4)
é‘1 EZ

where m; and m, are the masses; d; and d> are the diameters; ; and £, are the elastic moduli; d;
and J, are the sections of the first and second components, respectively.

A comparison of the generalized characteristics of different materials in the application of
aviation constructions is shown in table. 1. The application temperature is 20°C. It is indicated
from table 1 that the specific strength and rigidness properties of the composite materials
essentially exceed the traditional alloys.
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Table 1. Comparative characteristics of the materials applied in aviation constructions
. Density p, Strengthcs, i e Spemﬁc
Material ko MP modulus strength G4/p, rigidnes
g 4 E,GPa km E/p, km
Aluminums 2700 400-650 7 14,8-24.0 26500
alloys
I et 1800 200-340 45 11,0-18,9 25000
alloys
Titaniym 4500 500-1300 120 11,0-29,0 26600
alloys
Middle-
strength 7800 800-1300 210 10,3-16,7 27000
steels
High-strength 7800 1300-2300 210 16,7-29,5 27000
steels
‘ 25000-
Composites 1400-2600 500-1300 35-250 40-60 100000

In view of modern airplanes (including hyper acoustic) and also engines and rockets which
work in the conditions of increased temperatures, it is often necessary to consider material
properties at high temperatures. The dependence of tensile strength on temperatures for the main

constructional materials is shown in Fig. 2.
oz, MlMa
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Figure 2: The dependence of the tensile strength (o) of the main constructional materials on

temperatures (T): 1 — aluminum alloys; 2 — middle-strength steels; 3 — high-strength steels; 4 — nickel
super alloys; 5 — titanium alloys

The effect of temperature on the properties of aerospace materials can be illustrated more
evidently by the "specific strength—temperature" dependence (Fig. 3). The provided
characteristics demonstrate that up to the temperature of 150°C the specific strength of even
dilute (a+p) TC4 titanium alloy exceeds those of aluminum alloys and steels. In the temperature
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interval of 300-500°C, the maximum specific strength belongs to another (a+f) titanium alloy
(TC18), which already exceeds that of the high-strength steels. It is indicated that titanium alloys
are more effective than other constructional materials applied in aircraft constructions at high
temperatures.

c,/d, kKM

15

/
Vir4
/

/
/

K

10

0 100 200 300 400 500 600 T,°C

Figure 3: Dependence of the specific strength(e,/p) of structural alloys on temperature (T): 1 -7075
aluminum alloy; 2 — 2024 aluminum alloy; 3 — TC4 titanium alloy; 4 — structural steel 30Cr-Mn-Si; 5 -
VNS-2 corrosion-resistant steel; 6 - TC18 titanium alloy

The "specific strength—temperature" dependence provided in Fig.3 demonstrates that material
strength can decrease sharply as the increase of the temperatures. Therefore, the effect of
temperature on the properties of materials needs to be considered when calculating the
constructions. Besides, for the materials working at the increased temperatures it is also
necessary to consider high-temperature creep property which demonstrates the change of the
sizes in details under permanent loading which is sometimes much lower than the limit of
material flow ability.

In order to understand approaches to the choice of materials for an airplane, it is necessary to
know how its basic components work. The airplane can be conditionally divided by five basic
parts: fuselage (that, in turn, divide into nasal, middle and tail parts), wing, plumage (horizontal
and vertical), undercarriage and systems (management by air, hydraulic, fuel, air). Each of these
parts bears loadings (always fatigue) during service. These loadings determine the choice of
material for their making.

The fuselage is traditionally made from aluminum alloys: a covering and a longitudinal force
set is made from 2024 aluminum alloy, whereas a cross force set is made from B93, B95 (7075),
1933 high-strength alloys. The unit loads on the fuselage (except the central part) are
insignificant. Special attention is paid on the assembly technique in the underground part of the
fuselage where the maintenance of the corrosion damages is most important.

The wing suffers all loadings as from airplane weight, and wind (from influence of air flows).
At the same time the wing works so that its upper surface is in an oblate status, and the lower part
is in expanded. Therefore, the upper part of a wing is made from high-strength 7075 aluminum
alloy which has the maximum specific durability among the aluminum alloys serial, and lower
surface is made from of 2024 aluminum alloy which has higher property of fatigue resistance. In
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recent years the study of B96Ts3 high-strength alloy for manufacture of the upper part of a wing
is carried out (generally on increase in plasticity and fatigue resistance of the alloy).

The front edges of a wing and plumage, which are warmed for frosting warning, are made
from AK4-1 aluminum alloy which is less strong than 2024 aluminum alloy but can be stable at
more high temperatures. The 6013 alloy used by the last planes demonstrates high processing
performance comparing with AK4-1 alloy.

Wheels of control of airplane (on a wing and plumage), proceeding from conditions of the
maximum rigidness (the minimum elastic deformations under deflection), are made from high-
modular carbonic composites.

Plumage can be assembled by aluminum alloys, following the same approach to the choice of
materials for a wing. On some planes (An-70) plumage represents integral construction from
carbonic composite that provides considerable weight effect. The composites with polymeric
matrix are also utilized to form fairings of wing and plumage, chassis and so on.

As it was told above, the main criteria for the choice of constructional materials, for example
aluminum alloys, are their specific values of strength, rigidness and fatigue. Nevertheless,
corrosion which is, as a rule, shown in constructions after 10-20 years of maintenance of the
airplane also makes the demands to designing. At the design moment, the corrosion damage to be
removed has been considered. Therefore, there exists the conflict between the anticorrosive
requirements and the aspects of strength, maintenance (simplicity of service) and cost. A
compromise is necessary at the design stage in case of the choice of materials. It is possible to
confirm this consciousness with a classical example of the evolution of the anticorrosive
properties and strength of aluminum alloys as the increase of the aging hardening temperature

(Fig.4).

18CC

Tem. °C
Figure 4: Dependence of the corrosion cracking (K,..) and strength (o;)
depending on the aging temperature (T,,,) of aluminum alloys

As shown in Fig. 4, the maximum strength of the alloy corresponds to the minimum
corrosion resistance. The alloy requires before aging or after aging temperature for the aging
hardening treatment in order to obtain a compromised corrosion resistance and strength
properties. In case of a construction material choice from the point view of anti-corrosion
properties, it is also necessary to consider an electrochemical potential of the contacting
materials, types and coating possibility of protecting covers, operating conditions and so on.

Chassis bears considerable dynamic loads in case of take-off and, especially, plane landing.
In case of the necessary minimum sizes of a unit (stands of the chassis need to be removed from
outside circuits of the airplane to reduce the aerodynamic resistance) aluminum alloys fail to
satisfy the requirement of the mechanical properties. Therefore, the units of the chassis are made
from high-strength titanium alloys (TC18) or high-strength structural steels (30Cr-Mn-Si-Ni,
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VKS170, VKS210). And titanium alloys as new construction material have superior corrosion
resistance properties as well, which was mentioned earlier.

The systems of the airplane perform difterent functions which superimpose the requirements
to the material choice for their manufacture. For example, the airplane steering wheel, the wheel
column and pedals can't be miniature as the pilot shall feel control. Loads of these components
are insignificant so that they are traditionally made from cast magnesium alloys having the
minimum specific weight and the specific strength is sufficient for these components. The
corrosion resistance for such components isn't critical. In the latest models of the airplanes, the
steering wheel is made from polymers by Rapid Prototyping method. Now this method is used
also for manufacture of the airplane metal components.

Pipelines of the airplane air system through which hot air is transferred (temperature up to
350°C) from the engine to front edges of the wing and plumage, it is possible to process thin-
walled pipes from corrosion resistant steels or titanium alloys. As titanium has the smallest
coefficient of linear thermal expansion among metals (a0 = 9:10°°C™), low density of p = 4500
kg/m® and quite high strength of o, = 600 MPa (for PT-7M alloy, Ti-2,5A1-2Zr), it is the
optimum material for manufacture of the lengthy units working in the conditions of thermocycles
(from -60°C to +350°C) and the titanium alloys are attached to a "cold" frame. In this case the
minimum quantity of compensators which remove thermal loadings from "frame" are required.
The minimum thickness of the wall of a pipe is restricted to the technological capabilities. The
weight of titanium pipelines is less comparing with steels.

3. CONCLUSIONS

From the given examples it is possible to draw a conclusion that the choice of materials
for parts and units of the airplane is determined by their design feature, working conditions,
external factors, including corrosion and thermal, and is a creative process which requires, to the

same extent, knowledge of both properties of materials and construction of the airplanes.
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Abstract: The economic feasibility seems a major disadvantage to the ACLG aircraft, this paper
compare ACLG aircraft with traditional general fix wing aircraft and helicopter in terms of
mission flexibility, operation and field requirement to show the economic feature and impact item
of those aircraft. Result shows ACLG aircraft have more economic advantage than other
aircrafts when there is undeveloped airdrome infrastructure.

1. INTRODUCTION

The problem of aircraft economic analysis with air cushion landing gear (ACLG) is that it can
be hardly limited to one aspect of work since takeoff mass various from light vehicles-1.5t to
special heavy aircraft, such as An-225 “Mriya”. The common tendencies in aviation are known as
with increase of aircraft takeoff mass, economic efficiency of passenger and cargo transportation
grows. Therefore, this article concentrates attention on light aircraft. In the Soviet Union, this
category of aircraft has been incorporated with the concept “application of aircraft in the national
economy (AANE)”.

‘oo @ s& ¥

. RA-27001

Figure 1: ACLG Aircaft “Dingo”

Now in Russia, the international term “general purpose aviation” (GPA) is used. It unites
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approximately the same class of aircraft as AANE. Showing the economic feasibility of ACLG
aircraft as GPA, it is also good to assume similar conclusions for special heavy aircraft as well.
This article widely uses the “Dingo” ACLG aircraft (Fig.1) as research object, in which several
researches have been conducted. Further, landplanes with wheeled landing gear will be called
“classical aircraft” in this paper.

2. NUMERICAL ANALYSIS BETWEEN ACLG AIRCRAFT AND CLASSICAL
AIRCRAFT

The ACLG aircrafts are not an exclusive type, their flight performance are in the range of
classical aircraft. Aviation plays the leading role in mobile high speed transportation system.
Comparative advantages of aviation over other ground transports are shown in Table. 1.

Table 1. Comparative characteristics of transport means

Characteristic Car Railway system  Regular air system GPA
Flexibility of operation High Low Low High
Speed Low Low Low High

Profitability Economic Economic Economic Economic
Safety Low High High High

The economic efficiency of ACLG aircraft is determined on the base of the following
properties:

1. Unprecedentedly low requirement to takeoff — landing field, practical independence
from runway type and surface condition (unpaved, water, ice, snow, mixed including
marshy areas, shallows, etc.)

2. High efficiency (readiness to perform operation in the wide range of weather
conditions) and the lowest operational expenses in the regions with undeveloped
aerodrome infrastructure

3. Optimum combination of takeoff/landing and in flight performance, and kilometric
fuel consumption simila