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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.
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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 c;, 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:

os | |98 -kg/mw’|
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
o [hj L4 )
m, O d,
« under the terms of rigidness
1/2
mo_ (L) 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 F> are the elastic moduli; 0,
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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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 similar to consumption of landplanes

4. Possibility of maintenance using the existing infrastructure of civil aviation

The specified features of ACLG provide a steady operation performance; low expenses for
preparation of aircraft increases flying hours and by using mixed ACLG aircraft fleet, result in a
low operating expense.

Now considering the efficiency assessment of the “Dingo”, the aircraft applied to the
regions of Yakutia, Komi and Nizhny Volga Region in the interest of the following branches:

a. Transport (passenger and cargo transportation)
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b. Oil-and-gas industry (maintenance of derricks, flying around oil-and-gas pipes,
delivery of repair teams)
c. Power engineering (flying around electric power lines, delivery of repair teams)

d. Agriculture (service of deer-breeder and fishermen, agrochemical operations)

e. Forestry (flying around the forests, forest protection, calculation of total number of
wild animals)

/- Hunting farms (service of hunters - fieldsman)

2. Geology (service of geological stations, geologic survey)

h. Hydrometeorology (service of stations, aero photography)

i. Sanitary aviation (health service of the remote areas, disinfecting of territory)
J. Veterinary service (service of deer-breeding and fur-farming farms)

k. Militia and Traffic Control Inspection (patrolling)

L

. Natural life guard (patrolling of water territories and industrial zones)

In Yakutia and Komi, the majority of operations are carried out by the helicopters Mi-2 and
Mi-8, in Nyzhny Volga by the helicopters Ka-26. The An-24 aircraft is used, mainly, for
patrolling or communication between small settlements having unpaved runways. Application of
helicopters, in most cases, is defined by necessity of delivering passengers and cargo to
inaccessible and undeveloped areas such as taiga, tundra and deltas area of rivers and land on the
platforms selected from air. The main disadvantage of the helicopters is high flight cost (3-5
times higher than that of An-2) which has sharply affected their use nowadays. Range and
coverage of the area served are of great importance for extensive territories of Yakutia and Komi.
The helicopters have much less range than aircraft. Because of insufficient operative zone of
helicopters and impossibility for An-2 to landings on unprepared platforms, there are
inaccessible territories for service by air vehicles.

Patrolling of gas and oil pipes and electric power lines, as a rule, is carried out by An-2
aircraft. Helicopters are used for delivery of repair teams to a site of an accident. The similar
technology of “aircraft — helicopter” operation is used for protection of forest, deer pastures and
water areas, for service of fishermen, hunters and deer-breeders. Thus, it is required to have two
types of airborne vehicles that result in additional expenses. Under these conditions, the
advantages of the ACLG aircraft “Dingo” which combines the quality of aircraft and helicopter
(from the stand point of landing on unequipped platform) are represented.

The main economic parameter of aircraft is the specific cost per flight hour at delivery of
cargo or passengers, or at performing any operation. The cost of ACLG aircraft flight hour (Cry.)
is determined by calculation of operating items:

aviation combustible-lubricant materials — Er
amortization of aircraft fleet - Eay

running repair of aircraft — Egg

wages for all personnel — Ey

deduction for social insurance — Epx

IS Aol A e

airport charges — Ex
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The specific cost of flight hour is determined as the sum of the items stated above referred to
trip efficiency:
Cru= (ErtEamtErr TEwTENTEA)/CpMp Vi (1)
where, Cp — coefficient of payload, Mp — maximum payload, Vg — block speed. All
components are calculated according to the procedures accepted in aviation. Results of
calculation of flight hour cost for the “Dingo” ACLG aircraft and its items in comparison with
other types of aircraft are given in Table.2. The analyses of calculations are listed below:

a. specific expenses on combustible and lubricant materials for the “Dingo” aircraft
are comparable with fuel expenses of An-2 aircraft and Ka-26 helicopter and
1.25-1.26 times less than for other types of helicopters

b. specific expenses for amortization are on a level with Mi-2 helicopter but
significantly higher than for An-2 and 2.4-4.6 times less than for Mi-4 and Mi-8
helicopters (it is worth noting that if An-2 was created and constructed now, his
amortization expenses would be identical with the “Dingo”)

c. specific expenses on running repair for the “Dingo” is on the level with An-2
aircraft and 2-3 times less than for the helicopters

d. specific expenses for wages for the ACLG aircraft are accepted in view of one pilot
onboard

Total expenses for flight hour (cost of flying hour) in comparison with An-2 depending on
the range of non-stop flight, for the “Dingo” ACLG aircraft: in Yakutia — 129...120 %, in Komi —
137...127 %, in Nizhny Volga Region — 142...154 % from the level of An-2 aircraft. While for
the helicopters, these expenses amount to:

Yakutia: Komi:

Mi-2 -168...164 % Mi-2 -157..156 %
Mi-4 -256..244 % Mi-4 -270..258 %
Mi-8 -383..374% Mi-8 -407..394 %
Ka-26 143...142 % Ka-26 -132...131%

In Nizhny Volga Region: Ka-26 - 148...145 % of expenses level of An-2 per 1 flight hour.

Thus, by the results of the calculation, the cost of one flight hour for the “Dingo” compare
with other vehicles operated in the given regions shows 75 % of flying hour cost for Mi-2
helicopter, 50 % for Mi-4, 38,8 % for Mi-8, 86,9 % for Ka-26 and 124 % for An-2.

Estimated calculation of economic efficiency of the ACLG aircraft operation on Yakutia and
Komi regions shows that the “Dingo” will successfully compete practically with all kinds of
airborne vehicles used there. It is necessary to note, that comparison was made under equal
conditions without taking into account the influence of operation qualities of “Dingo”. Further,

this paper will show ACLG aircraft more effective than landplanes and seaplanes used in the
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Table 2: Comparison of economic parameters of ACLG aircraft with existing types of aircraft by regions (by the cost of 1 flight hour relative to cost of that of An-2)

Region Expenseltem Route Length

100 km 300 km 500 km 700 km 1000 km

ACLG An2 Mi2 Mi-8 Mi4 Ka26 ACLG An2 Mi2 Mi8 Mi4 Ka26 ACLG An2 Mi2 Mi8 Mi4 Ka26 ACLG An2 ACLG An2

Fuel 1.20 1.0 .51 2.00 195 0.90 1.07 1.0 1.50 192 174 0.91 1.02 1.0 1.47 185 163 0.93 0.99 1.0 0.97 1.0

Amortization 3.15 1.0 357 143  8.18 2.55 3.07 1.0 355 143 821 2.56 3.05 1.0 3.54 144 522 2.56 3.03 1.0 3.02 1.0

Yakutia Current Repair 1.08 1.0 274 337 217 2.54 1.08 1.0 274 337 217 2.54 1.08 1.0 2.74 337 217 2.54 1.08 1.0 1.08 1.0

Wages 0.71 1.0 075 132 105 1.00 0.81 1.0 083 1.50 1.18 .11 0.79 1.0 0.80 146 1.15 1.07 0.79 1.0 0.79 1.0

Airport Expense 0.70 1.0 074 074 0.74 0.74 0.70 1.0 073 073 073 0.73 0.70 1.0 073 073 0.73 0.73 0.70 1.0 0.70 1.0

Cost of Flight/h 1.29 1.0 1.68 385 256 1.43 1.24 1.0 1.65 379 248 1.43 1.22 1.0 1.64 374 2.4 1.42 1.21 1.0 1.20 1.0

Fuel 1.20 1.0 1.51 200 195 0.90 1.06 1.0 1.50 190 1.74 0.92 1.02 1.0 1.47 185 1.63 0.93 0.99 1.0 0.97 1.0

Amortization 3.16 1.0 357 357 144 8.18 2.55 1.0 355 144 821 2.56 3.05 1.0 354 144 822 2.56 3.03 1.0 3.02 1.0

Komi Current Repair 1.16 1.0 .51 151 169 1.34 1.45 1.0 151 169 1.34 1.45 1.16 1.0 .51 169 1.34 1.45 1.16 1.0 1.16 1.0

Wages 0.77 1.0 080 144 1.14 1.07 0.78 1.0 079 146 115 1.06 0.79 1.0 079 147 115 1.6 0.79 1.0 0.79 1.0

Airport Expense 0.70 1.0 073 073 073 0.73 0.70 1.0 073 073 073 0.73 0.70 1.0 074 074 074 0.84 0.70 1.0 0.70 1.0

Cost of Flight/h 1.37 1.0 1.57 407 270 1.32 1.32 1.0 1.54 399 263 1.32 1.30 1.0 1.56 394 2.58 1.31 1.28 1.0 1.28 1.0

Nizhny Fuel 1.20 1.0 0.90 1.07 1.0 0.92 1.02 1.0 0.92 0.99 1.0 0.97 1.0
Volga

Region Amortization 3.14 1.0 2.54 3.08 1.0 2.56 3.05 1.0 2.56 3.03 1.0 3.02 1.0

Current Repair 1.28 1.0 1.93 1.28 1.0 1.93 1.28 1.0 1.93 1.16 1.0 1.16 1.0

Wages 0.77 1.0 1.07 0.78 1.0 1.06 0.78 1.0 1.05 0.79 1.0 0.79 1.0

Airport Expense 0.70 1.0 0.74 0.70 1.0 0.73 0.70 1.0 0.73 0.70 1.0 0.70 1.0

Cost of Flight/h 1.54 1.0 1.48 1.47 1.0 1.46 1.44 1.0 1.45 1.44 1.0 1.42 1.0
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The feature of current position of aviation in Russia is weak demand for aero transport
services combined with a prompt ageing of existing aircraft fleet and destruction of existing
aerodrome infrastructure. For the last 15 years there was a prompt falling of annual passenger
flow on air transport more than 6 times (from 125 million persons to 20 million). To a great
extent, this falling took place on domestic airlines. As a consequence of falling industrial
production (gross domestic product), number of aerodromes in Russia was reduced three times
for the last 15 years, from 1400 in 1985 to 300 in 2014 and continues to reduce. More ever,
aerodromes for local airlines have suffered, i.e. where general purpose aviation operates. On
domestic lines of Russia, passenger service, mainly, has remained (employees of the Ministry of
Emergency Measures, the Ministry of Foreign Affairs, Federal Frontier Service, the Ministry of
Defense of Russian Federation, administrations of regions, fuel and energy complexes). In
combination, all this determines significant need of oftf-aerodrome basing aviation in Russia.
Owing to the stated above, the ACLG aircraft and helicopters in the nearest decade will be in
greater demand than classical aircraft. Seaplanes — amphibian will be in less demand for a
service passenger due to the seasonal prevalence of their use in Russia. But 2-4 seats amphibians,
certainly, will find a place in the field of recreation, entertainment and tourism for solvent clients.

Let’s consider the influence of factor of off-aerodrome on the economic efficiency of aircraft.
Back to equation (1), uniting all the expenses into two groups: direct (Ep) and indirect, airport
(Ew). Block speed for “general purpose aviation” or “application of aircraft in the national
economy” can be expressed by the formula:

Vp= (LatLc) (TatTe+tTyer) =VeCa (2)
where, Cg = (1+L*g)/ (1+T*+T*\gt) — coeflicient of block speed. L, T4 — length and time of
airborne area of track, Lg, Tg — length and time of ground borne area of track, Tygr — delay of
start of aircraft because of weather conditions and runway condition.

With regard to the above mentioned, Formula (1) can be expressed as:

Crr=Ep(1+E*)/CpMpCpVp (3)
where, E*|y — relative share of indirect airport expenses (E*v = Eiv / Ep).

In USSR, there was a procedure in which Ejy was taken as 20-25% of direct operating
expenses. Between Ep and Epy there is a deep connection, direct and reserve. It has been
successfully shown by the engineers of the Experimental Design Bureau Antonov, who
investigated economic parameters of the large number of effective airborne vehicles,
empirical dependence of cargo transportation cost of the effective aircraft from their runway
length is showed in Fig. 3.

It is obvious that the longer the runway, the lower the cost of cargo transportation. So, even
the best helicopters cannot compare with the aircraft taking off from a run way in the economic
sense. Vertical takeoff and landing aircraft using horizontal runway can increase the payload
twice. Economically perfect classical aircraft (for example, “Cessna-Caravan™) use practically
all length of the given class aerodrome. However, more length of the runway, higher cost of
aerodrome, aerodrome services and Ejy, respectively. For example, for airports of 111 category
with passenger turnover up to 25 thousand of passengers per year (turnover of a regional country

town), the cost of airport construction amounts to 3310 thousand roubles in prices of 1985,
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of an aerodrome, the quantity of the ACLG aircraft grows, approximately, in geometrical
progression with unequivocally predetermined ability and taking a worthy place in structure of
local air traftic flows. Besides, the ACLG aircraft “Dingo” have operational flexibility and
capability to fly from agricultural aerodromes and water areas independent from season.
According to the researches of Krasnodar Institute about application of aircraft in the national
economy, carried out by the order of SAU company, platforms suitable for operation of
amphibians with runway length up to 450-540 m in Krasnodar region amounts to 240, including
internal reservoirs 104, aerodromes of local airlines — 23, aerodrome for agricultural aviation —
101, bays on the Azov and Black seas coast - 12.

According to the above-mentioned, it is obviously ACLG aircraft have a possibility to serve
a plenty of settlements without seasonal idle periods and consequently to reduce Epy as well as
Ep through the increased intensity of flight hours per year. The economic analysis of the use of
the ACLG aircraft “Dingo” outside the developed aerodrome infrastructure shows that the more
the number of “off-aerodrome” takeoffs and landings, the higher the economic advantages of
ACLG aircraft over the classic planes. Thus, the “Dingo” ACLG aircraft substantially meets the
requirements for commercial use in Russia.

The most important parameter of economic efficiency of the “Dingo” ACLG aircraft is
block speed or its derivative — coefficient of block speed. General purpose aviation (GPA), in
reality, is directed on minimization of time unproductive spending for operation performance.
The criterion “from door to door” is widely used in GPA which takes into account not flight time
but total time of cargo or passenger delivered from one addressee (“a threshold of house”) to
another addressee (“a threshold of house”). It is obvious that ability of the “Dingo” ACLG
aircraft to land in a city boundaries already results in reduction of block speed coefficient even if
the “Dingo” is at a disadvantage in relation to the landplane by maximum cruise speed.

This opportunity is amplified by the layout features shielding noise from the propeller
upwards and silent operation for the selected type of propeller for the “Dingo” ACLG aircraft.
By the example of schematically transport operation which is carried out by different aircraft
from Tushino — Moscow to Nizhny Novgorod (Table 3), a mechanism of influence of the
“Dingo” aircraft on the reduction of operating expenses at the simultaneous increase of its
efficiency is shown.

Increase of Cg has critical influence on the economic efficiency of the “Dingo” ACLG
aircraft and not only due to decrease of T*g. and L*. but also of all T*\r, (refer to formula 2).
The latter parameter takes into account delays of flight due to weather conditions, inter-seasonal
idle times, preparation of runway or platforms for temporary basing (increased humidity of soil,
snowfalls, drying and shallowing of reservoirs, early freeze-up or drifting of ice, motion of
ground with formation of small cracks, craters, etc.).

It is obvious that increase of Cg and significant reduction of operational restrictions result in
the decrease of E;y and Ep. Certainly, in each particular operation, it is necessary to take into
account all external factors. The “Dingo” ACLG aircraft having high operational flexibility,
particularly can operate in traditional market niches of wheeled landplane, helicopter and
amphibian, however, it cannot replace them completely. So, the “Dingo” ACLG aircraft will
compare unfavorably with classical aircraft in Europe and USA whose aerodrome infrastructures
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are fully developed. It cannot compete with seaplanes in open sea because of seaworthiness. It is
not capable to move passenger from a roof of skyscraper. However, application of the “Dingo”
ACLG aircraft can be very effective in conditions of undeveloped aerodrome infrastructure with
a wide range of transport operations.

Table 3: Comparative transport efficiency of the “Dingo” ACLG aircraft

No. Operation Name “Gzhel” Mi-2 Lake-4 “Dingo”
Initial Data
Cruise Data: km/h 350 180 200 285
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Takeoff Power: hp 750 800 350 1100
Direct Operating expense: % 100 * 160 120 120
Indirect Operating expense: % 20 10 10 10
Passengers 5 4

Departure from office in Moscow, 0 0 0 0
h

Arrival Tushino, h 0.5 0.5 0.5 0.5
Flight from Tushino to Gorky 1.15 2.20 2.00 1.40
2.1. to “Strigino” airport

2.2. to boating channel (Volga)

Way from aircraft parking to office 0.50 0.25 0.25 0.25
Meeting in Gorky 2.0 2.0 ** 2.0 2.0
Way from office to aircraft parking 0.5 0.25 0.25 0.25
Flight from Gorky to Tushino 1.15 2.20 2.00 1.40
Journey from Tushino to office, 0.50 0.50 0.50 0.50
Moscow

Total flying time, h 2.30 4.40 4.00 2.30
Total groundbornetime,h 2.00 1.50 1.50 1.50
Total flight time, h 4.30 5.90 5.50 430
Total distance, km 880 860 860 860
Block speed, km/h 204.6 145.0 156.4 200.0
Coefficient C b 0.58 0.81 0.76 0.70
Cost of flying hour *** 0.12 0.30 0.21 0.094

CH=ED ( 1+ EIN) / Npas*VB

*- direct operating expenses of “Gzhel” are taken as basic, ** - helicopter is compelled to fly at this time
in Strigino for re-fuelling, *** - conditional comparative cost of transportation having dimension (%
referred to passenger - kilometer)

3. CONCLUSIONS

According to the issues mentioned above, following conclusions can be drawn:
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3. FINITE ELEMENT MODELING AND RESULTS

The finite-element method (FEM) was used to perform modal frequency and harmonic
response analysis to calculate trajectories of the contact point. Basic dynamic equations of the
piezoelectric actuator are derived from the principle of minimum potential energy by means of
variational functionals and can be written as follows [9, 10]:

Mi+Cu+Ku+Te=F,
{ (D

T'u-S¢=Q,

where M, K, T, S, C are matrices of mass, stiffness, electroelasticity, capacity and damping,
respectively; u, @, F, Q are, respectively, vectors of nodes displacements, potentials, external
mechanical forces and charges coupled on the electrodes.

The driving force of the actuator is obtained from the piezoceramic disc. Finite-element
discreetisation of the disc consists of elements with the nodes coupled with electrodes that have
the known values of electric potential. The nodal electric potential of remaining elements is
calculated during solution. The dynamic equation of the piezoelectric actuator in this case can be
expressed as follows [7, 8]:

Mu+Cu+Ku+T ¢, +T,0, =F,
T u-S,0,-5,9,=Q,, 2)
T, u-S5,0, -5, ¢, =0,

here

)

v s %]

T
S12 S22
where @, @, are, respectively, the vector of nodal potentials of nodes coupled with electrodes

and the vector of nodal potentials calculated during numerical simulation.

Mechanical and electrical boundary conditions are determined for the piezoelectric
actuator, 1. e. mechanical displacements and velocities of the fixed surfaces of the actuator are
equal to zero and the electric potential of the nodes that are not coupled with electrodes are equal
to zero as well. Natural frequencies and modal shapes of the actuator are derived from the modal
solution of the piezoelectric system:

det{K" —0>M)=0, @)
whereK' is a modified stiffness matrix. In case when Q.= 0 it can be written as follows:
K =K+TS™'T". (5)
In the case when ¢, = 0 the modified stiffness matrix is:

K =K+T,S,T, . (6)
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Harmonic response analysis of the piezoelectric actuator is carried out applying sinusoidal
varying voltage with different phases on electrodes. Due to the inverse piezoelectric effect
corresponding mechanical forces are obtained:

F=-Te,, (7
here a vector of nodal potentials @, can be written as:

0, = Usin(o,?), (8)

whereU is a vector of voltage amplitudes, applied to the nodes coupled with electrodes. Referring
to Egs. (2), (7) and (8), the vector of mechanical forces can be calculated as follows:

F, =(T, S5, 8% - T, ) Usin(w,1). )
Referring to Eq. (2) the vector of nodal charges Q, can be written as follows:

Q= (TIT -8y, SE% TzT)“ +(Slz SE% Ssz - Ssz)(P1~ (10)

Results for structural displacements of the piezoelectric actuator obtained from harmonic
response analysis are used to determine the trajectory of the contact point’s movement.

A numerical simulation of both piezoelectric actuator was carried out by employing FEM
software COMSOL Multiphysics. The finite element models of the actuator were built. It
contains all assembling parts mentioned in the previous section. Three-dimensional free
tetrahedral finite elements were used to mesh the actuator. The appropriate finite element mesh
was defined after several iterations. Only mechanical boundary conditions were applied in the
finite element model. The material properties used for the actuator modelling are listed in
Table 1.

Table 1. The mechanical properties of the motor materials

Materials Young’s modulus x 10" [N/m?] Poison’s ratio  Density [kg/m’]
Beryllium copper 12.8 0.30 8250
Silver 7.60 0.37 10490
Carbon fiber 17.4 0.30 1740
Epoxy 0.12 0.22 2500
Piezoceramic PZT-8 7600

(Elasticity matrix x 10" [N/m?]) ¢1,= 14.68; c;,= 8.108; ¢;5= 8.105; ¢55= 13.17; ¢44=3.29; csc=3.14

The modal and harmonic response analysis were performed by using the Pardiso solver
with the nested dissection multithreaded preordering algorithm. Modal shapes of the analyzed
actuators are presented in Fig.6.
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Abstract. The Aircraft Airworthiness Technology as a new discipline in Chinese Aerospace-
related universities involves a wide range of knowledge, but it is easy to fall into study of
airworthiness regulations exceptionally. In order to professionally cultivate senior technical
personnel in airworthiness works, students of the new Airworthiness major are assigned to
study broader range of learning contents and research processes through deeper involvement
into real practical tasks. Taking an uncontained failure event of an engine rofor as an
educational practical example, this paper expounds the main steps of an airworthiness
research study: an analysis of technical ideas, core outline of necessary works, suggestions for
key aspects of an object airworthiness. In addition, prerequisite basic knowledge of the
airworthiness field is discussed, and concrete highlights of practical research works are given
in depth.

1 INTRODUCTION

Airworthiness of aircraft refers to inherent properties of aircraft that can safely fly under
the expected operating environment and defines the use of restricted conditions. It is required that an
aircraft always conforms to its type design and is always in a condition for safe operation. It is thus
clear that the airworthiness duty is to ensure aviation safety. The Aircraft Airworthiness Technology
has been established as a new important discipline in Chinese Aerospace-related universities. Its
educational goal is to develop a basement of aviation basic knowledge, engineering practical ability, to
master aviation professional knowledge, airworthiness regulations, airworthiness verification
technology, airworthiness certification technology and airworthiness project management theory of the
senior technical personnel. Therefore, Airworthiness major students have to learn basic knowledge,
such as math and physics, and master other professional knowledge: airplane, engine, aircraft systems,
airborne equipment, aircraft manufacturing, airworthiness regulations, airworthiness verification
technology, airworthiness certification technology, engineering management, etc.

The more in-depth stage of mastering background of the relevant airworthiness knowledge is
performing a specific airworthiness project for a student research study. Similar to most research
topics, there are general research backgrounds, research significance, research status, specific methods,



Zhengqgiang Cheng, Oleksiy Chernykh, Zhong Lu and Junjiang Xiong.

examples and other processes. But an airworthiness project needs to ensure safety as the ultimate goal,
therefore airworthiness standards define to study and interpret the lowest level of security. Relevant
issues are related to advisory circulars and other relevant documentation with regulations. In view of
this, this paper will combine the engine rotor uncontained failure event as an airworthiness study case,
elaborate the main content of airworthiness research study, highlight airworthiness research
recommendations.

2 MAIN RESEARCH CONTENTS OF AN AIRWORTHINESS STUDY CASE

The definition of a problem is the beginning of any research. After the definition of
airworthiness issues, the need is to produce the background of the current research problem.
For example, an uncontained rotor failure is defined as “After the high-speed engine rotor
failed, the excess energy of the rotor fragments will be thrown from the engine case, broke
down the adjacent fuel tank, fuselage, system components, etc., which will have a serious
impact on the aircraft structure and system.” The problem arises because of the catastrophic
aviation accidents that have occurred in the history due to uncontained failures of rotors.

In addition, because of special nature of airworthiness, airworthiness standards, advisory
circulars and other materials, research and interpretation are one of the key works.
Since the catastrophic aviation accidents caused by an uncontained rotor failure have occurred
many times in history, the American Federal Aviation Administration (FAA), the European
Aviation Safety Agency (EASA), and the Civil Aviation Administration of China (CAAC) have
issued proper airworthiness regulations to take design precautionary measures in order to minimize
hazards caused by an uncontained rotor failure event that seriously endangers civil aviation safety!"”
61 The Society of Automotive Engineers has collected 676 uncontained rotor events recorded from
1962 to 1989, that have amounted to 15 cases of catastrophic accidentsl””!. The FAA revised the
corresponding advisory circulart'® but the literature!'"'* showed the definition of the spread angle
in the advisory circular was too small to reflect the actual risk level. In [13], the fragment
characterization of the turboprop, low-bypass ratio and high-bypass ratio engines was further
statistically analyzed. The results showed that there are differences in characteristics of
uncontained rotors in different types of engines. It was found that the actual fragment spread angle
was greater than the recommended value.

The goal of the project is to take technical means to avoid the occurrence of the problem, or
reduce probability of problem occurrence, so that it is at the level of acceptable risk, which has
been one of the core works of airworthiness research. In the case of an “uncontained rotor
Jailure”, in [14], the general safety analysis method is proposed for the Uncontained Turbine
Engine and Auxiliary Power Unit Rotor and Fan Blade Failure. In the literature!'%!, based on
the collision detection of uncontained debris hazard identification method, the Monte Carlo
simulation was conducted, finally achieving uncontained rotor failure triggered by the minimum
cut set of identification and safety quantitative analysis.

3 TECHNICAL IDEAS OF THE RESEARCH — AN UNCONTAINED ROTOR EVENT
ANALYSIS PROCESS

In order to further solve the problem, it is necessary to formulate technical ideas and study
the technical process after carrying out literature research on the problems involved in
the airworthiness project. For example, for the uncontained rotor failure, the proposed overall
process is divided into (1) the risk identification stage and (2) the risk assessment stage.
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The specific flow chart is shown in Figure 1.

Define the Debris model

Determine the impact
areas, systems and
components
v

Select the list of aircraft
catastrophic failure status
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and the corresponding
parts list
¥
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level and the aircraft level
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Redesign —

Output related documents

Figure 1: The overall process of the risk assessment

3.1 Risk identification stage

Based on historical data and continued increased uncontained rotor event, the failure model
of the rotor debris was determined. The following conservative assumptions have been made in
analyses: (1) the uncontained debris has infinite energy; (2) the spread angle of the debris is
independent of the translational angle; (3) the probability of debris release within the maximum
spread angle and translational angle is uniformly distributed. Some typical rotor debris failure
models are shown in Table 1.

Single One- Intermediate Alternative
Category Third Disk Fragment Engine Failure Small Fragment Fan Blade Fragment
Fragment Model

One-third of

One-third of th Blade tip with one-
. . . the disk with I;a d:d d"isk ® | One-third piece | Half of the blade thirz ;;‘;Xc‘b a(i’?fzﬂ
Maximum dimension | gne third blade _ of disk airfoil .
height radius height
Spread angle +3° +5° +5° +15° +15°

Table 1: Rotor debris failure models

When the risk identification of a debris model is carried out, the spread angles of the first
stage rotor fragment and the last are used to determine the impact area of the debris. The aircraft
structure and system components in the impact area are simplified to determine key systems and
components in rotor uncontained impact areas. In addition, the aircraft's top-level function failure
is analyzed selecting out the catastrophic functional failure list that is possibly caused by an
uncontained rotor failure. The fault tree analysis of the catastrophic function failure event is
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4.2 Bottom event information standardization

The normalized information of the bottom event should normally include rotor information,
fragment category, component information, bottom event, spread angle, translational angle,
probability of the spread angle range, probability of translational angle range, probability of
component, and so on. This paper will be standardized by component information table to
achieve the top event information standardization, see Table 2.

Rotor information: xx stage Fragment category: xx fragment
Tabulators: xxx Date:
Compo- | Compo- | Bottom | Trans- | Trans- | Spread Spread | Probability of | Probability | Probability of
nent nent event lational | lational angle f, | angle translational of spread component
number name number | angle | angle ! 2 angle range | angle range J)
¢
% o D, p,

Table 2: A normalization table of the component information

Where, after rotor debris flying at the rotational direction, the translational angle is interfered
with a component in the radial 360° range; the spread angle is forward and afterward from the
center of the plane of rotation initiating at the engine centerline. According to the basic
assumptions that the spread angle and the translational angle of fragments are independent and
uniformly distributed, it can be obtained:

_ e~ (1)
=360
_18-£l )
u D
P.=P. XD, 3)

4.3 Quantitative risk assessment of the whole aircraft

The minimum cut sets information has been obtained by the fault tree analysis, and
the component failure probability of the normalized table can be obtained as follows:

@)=z
@)

Where: ¢is the number of component corresponding to the bottom event of minimum cut set;
n1s the total number of components corresponding to the bottom event of minimum cut set; ¢1s

the 7-th minimum cut set.
The top event probability matrix for the minimum cut sets:

_p(¢171) p(¢14) p(¢1,n)_

p(9)= p(¢j—1) p(¢j—i) p(¢j—n)

Pg) o g o D)

Where: p(g,_,) s the probability of occurrence of the i-th minimum cut set in the j-th top event.

©)
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Since the number of the minimum cut sets and the orders in the actual situation has been
large, the calculation of failure probability of the top event is very complicated. Therefore,
the first order approximation can be used to reduce the workload while the calculation accuracy
is still acceptable. So the top event failure probability matrix is:

P(T) =[Yp(4) ~ Yp6.) -~ Y o.)] ©)

Taking different flight phases into account, the uncontained rotor event may occur with
different probabilities. So it is necessary to consider the influence of the flight phase and define
the flight phase influence factors

I VR S luf] (7)

Where: 4, is the probability of occurrence of uncontained rotor events in the f-th flight phase.

In addition, in different flight phases, the top event does not necessarily cause catastrophic

consequences. Therefore, it is necessary to consider impact of the top event and to define the top
event impact factor T

I, hs tlf
T= tjl 11'2 tjf
_tml tm2 T tmf i (8)

Where: {, is probability of catastrophic consequences after an uncontained rotor event for the

Jj-th top event in the f-th flight phase.
The risk value for a single fragment is:

b= Zdiag (P(TYT") 9)
Calculating the risk value for a single fragment of all engine rotors for the certain debris

type, then taking the average value, and getting the whole aircraft risk probability for
the corresponding debris type:

1 E K

Pa= g 2 2 (10)

Where: xis the number of engine rotors; £ is the number of engines.

S CONCLUSIONS

1) This paper highlights the main contents of airworthiness research study: definition of
a problem origin; airworthiness standards, advisory circulars, and other materials; airworthiness
technology as the focus of the research work of airworthiness projects.

2) Taking the uncontained rotor event analysis process as an example, the technical ideas
have been explained and the technical process has been analyzed.

In the field of "dircraft Safety Design and Analysis”, an uncontained rotor failure is a typical
type of aircraft special risk and it has to meet strict conditions of catastrophic event probability of
less than 107, which indicates that an aircraft has a high safety level.

3) Taking the risk assessment method based on the fault tree analysis as an example, this
paper elaborates the core research work, including the specific method of analysis and
the method of quantitative risk assessment.
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In the validation phase of the aircraft Type Certificate, an aircraft design organization needs
to provide appropriate evidence to indicate compliance with airworthiness regulations. Where
FAR § 25.903 / § 23.903 requires "Design precautions must be taken to minimize the hazard to
the airplane in the event of an engine rotor failure or of a fire originating within the engine
which burns through the engine case”.

In this work, the MoC3 (Safety Assessment) Mean of Compliance was used, and the final
submission of the safety analysis document indicated its compliance with the provisions.
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L/ /S
aﬂjl aﬂjk
A . M
—L = == | |ij=Lns=Lk
op, o, ( ) ®)
Y .. Y
aﬂjl aﬂjk
Differentiating equation (7) with respect to g,, we obtain:
M{f'}+ [C +H]M = L{p —S}
6ﬂis aﬂz’s aﬂz’s

here 8[H /2B, =0, since the shear rigidity of the skin does not depend on the rigidity of the

c]

ribs

o[C+H] o[C] o
oB, OB, op,

(ﬂis = Cis = (EF),S) : (9)
G
Here, almost all the derivatives of the terms of the matrix [C|after differentiation will be
zeros, except for one, whose indices coincide with the index s, will be 1. It follows:

of' a|o[C]|;
—=—[C+H]| |—— . =C, =(EF) 10
{6,&} [+ H] P v ('B’S 5= )ls) (10)
Then, using (4) (9) (10), all matrixes of the sensitivity coefficients [y]are calculated.

In the second version of the structure model, the representation in the form of superele-
ments [5] is adopted, having the following approximation for displacements:

u(x,y,z) :zlﬁlj(x,y)@(z) (i=1,23..M), (11)

f(x,y,2)= er(x,y).fj(z) (=1,23...N). (12)

where u is the transverse displacement of the panels; /- longitudinal displacement of the ribs; ,
r - generalized coordinates; 4, - generalized displacement, which are solved in the FEM

equation:

K*F®% =I* (13)
where k¢ — the global stiffness matrix, 7¢ — the global matrix-column of generalized dis-
placements: Fg:{Fl---Fe---Fk}T , Fe:{q,f g, EE §§}T76=1=_k and k here de-

notes the number of superelements; I° = I, + L% - loads, composed of mechanical and thermal
load;
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Denoting {&}=T,{F}, {/}=R{c}and{/"}=T7,{/}, and carrying out the variation of (13), it
is can be obtained:
oT K*T;

v =z )R] 7 ke ] {T}MTJ{W}. (14)

In contrast to (8), here [y]has a different structure:

o o oy O
aﬂl aﬂk , p 1 #p J
wl=| @ %: | (hy=1R) (15)
oA T %
op, P, P op;

Having obtained yin the two previous approaches, with the help of (3) our problem will

be solved by an iterative method:
{1} ={cr}+efocy, (16)

4., CALCULATION RESULTS
The above method was tested with the following initial data: wing-box length /= 100 cm,

panel width s = 15 cm, panel thickness & = 0.1 ¢m (for all panels), £ = 686500 kg / cm?, cross
sectional area /' of each rib change according to Table 1:

Table 1
Cross-sectional areas of design edges in numerical simulation ("Experiment")
No. of
1 2 3 4 5 6 7 8 9 10
element
F,em® |3 3 3 3 2.5 2 2 1.5 2 3

The axial load applied to the ribs 2 and 4 is the same: P = 10500 kg, moment M, =
100,000 kg; temperature of the ribs: 7, = 75 = 150°C, 71 = 17, =200°C.

Due to the lack of data from the physical experiment, numerically, using FEM, deforma-
tion values were obtained by solving a direct problem. In order to use these results later as an
approximate value of the physical experiment, artificial errors are introduced about 2%, which
is typical for measurements of deformations in a structure with one end fixed. These values
are presented in Table 2.

The initial stiffness £F of the ribs was constant along the length, and the graph shows how,
with the increasing of iteration step, the stiffness values are specified to the experimental val-
ues (Fig. 3).

Table 2
Distribution of experimental structural deformations
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Abstract. Humans learned the majority of unusual creative ideas in technology from Nature.
Natural solutions for engineering problems are usually very effective, especially their precision
and resource efficiency. For example, the plane wing profiles are based on those inspired by
birds and winglets of modern air jets are implemented according to the feather arrangement at
the bird wing tip. Nowadays, all engineering inventions and discoveries are subdivided in 40-80
classes, belonging to various branches of technology. However, «the patent library» of the
Nature is actually endless. This paper provides general rules of biomimetics (science dealing
with creative transfer of ideas from biology to engineering) and several examples of such
inventions taken from insects.

1. INTRODUCTION

Insects are among the most diverse groups of animals on Earth, including more than a
million described species and representing more than half of all known living organisms. The
number of extant species is estimated to be between six and ten million [1] and approximately
represents over 90% of animal life forms [2]. Insects can be found in nearly all environments.
During their evolution, insects and related arthropods have evolved a huge variety of shapes and
structures. Despite often looking miniature and fragile, they can nonetheless deal with extreme
mechanical loads. Many functional systems responsible for their evolutionary success are based
on a variety of ingenious materials and structural solutions. The rich sensory equipment of
insects, including their compound eyes, chemoreceptors, mechanoreceptors and infra-red (IR)
receptors taken together with their rather compact brain reveals self-adaptive control patterns and
often supports remarkable behavioral features.

Studies revealing the functional principles of insect structures, materials, sensors, actuators,
locomotion and control systems are, on the one hand, of major scientific interest, since we can
learn about the mechanisms behind the structures and their biological roles. On the other hand,
this knowledge is also highly relevant for various engineering applications including those in the
field of astronautics and aeronautics. Two of the greatest challenges for today’s engineering are
energy saving and sustainability. During their evolution, insects and other arthropods have solved
many problems dealing with their external lightweight skeleton. Additionally, these animals
build a number of remarkable constructions based on silk, glue and surrounding non-living
materials [3]. Biologists have collected a vast amount of information about the structure and
function of such animal-made constructions and about the materials and structures utilized in
their bodies. This information can be used to mimic them for diverse applications in modern
engineering.
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Abstract:

The description of an electromechanical simulation stand of the aeroelastic behavior of the
unmanned aerial vehicle is given, the basics of the method of electromechanical simulation of
aerodynamic forces are described; the experience in the use of the stand in the research work of
undergraduate and graduate students of the Aerospace faculty is analyzed.

1. INTRODUCTION

The actual designing problems of maneuverable unmanned aerial vehicles are ensuring security
from flutter and aeroelastic stability with control system[1 — 3]. Design, design-experimental and
experimental methods are used to solve them. One of the methods that provide reliable results
about the boundaries of flutter and stability of the loop "elastic UAV — control system" is a
method of the electromechanical simulation (EMS) of the aerodynamic forces [4, 5]. In the EMS
method the mechanical force is applied to the structure, formed the computing device by the
signals of the vibration sensors in accordance with aerodynamic theory in real time. Tests with an
artificial "flow" of air allow you to control the results of the interaction of elastic UAV and
control system, assessment of stability with open or closed loop.

2. ELECTROMECHANICAL SIMULATION STAND OF UAV’S AEROELASTIC
BEHAVIOR

The Department 602 "Aviation and missile system" MAI (on the basis of the equipment
purchased in the framework of the National Research Universities development Program in 2010)
established stand of electromechanical simulation of aerodynamic forces to study the aeroelastic
characteristics of the UAV (the EMS stand)[6, 7]. The stand includes:

— means of excitation and measurement of vibrations — energizers and power amplifiers
(TMS, USA), accelerometers and impedance head (PCB Piezotronics),
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— the computing device change modes (air density p, speed V, the number M), while the
effect of elastic-mass parameters of the UAV, the control system coefficients, etc. can be studied
by varying their parameters;

— the study methods, both in frequency and in time domains are available;

— the tests are non-destructive and fully observable, the conditions of the stand allow you
to repeat every "start";

— the simulation of aerodynamic forces, as in the calculation is limited by the choice of
aerodynamic theory, with distributed flow effects are replaced to few concentrated forces applied
to UAV’s design.

The basic ratios of the EMS method are based [5, 8]:

— the first, the linear mechanical-electric transform of the displacement (vector y) of the
UAYV individual points when its vibrations on the stand through the vibration sensors into electric
signals (vector e), that is, the ratio of the form:

e=Ry,

where R is a diagonal matrix of the calibration coefficients of the sensors;
— the second, the transformation of the arbitrary, including nonlinear, the signal e by the
computing device in its output signal u:
u=Ke,
where K is a matrix of transform coefficients in the computing device, depending on the
simulated flight regime, numbers p, }, M;

— the third, the electromechanical conversion of the instantaneous values of the signals u
into the mechanical forces f:

f=Qu,

where f is the vector of the mechanical forces, Q is a calibration coefficients diagonal matrix of
the energizers with power amplifiers.
In the EMS method at a known dependence of the instantaneous values of the vector of

the concentrated aerodynamic forces f A from the displacements of individual points: f A= LAy
L* - a matrix of correlations between the oscillations of the UAV and accompanying
aerodynamic forces) is the equality of forces f simulated at the stand (outside the flow) and the

aerodynamic forces: f =f* |
The correct modeling of external power influences at the oscillations of the UAV in flight
will be implemented when the condition

U=(Q 'L*Re.

This condition requires functioning in real-time all elements of the EMS stand
(Fig. 2): sensors, the computing device, power amplifiers and electrodynamic energizers with the
acceptable accuracy. At the frequency language — all elements of the EMS stand should not make
errors in module and phase in the investigated frequency range.
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Students and graduate students use in their research work, present papers at scientific
conferences and publish articles in scientific journals the results of these experimental researches.

S. CONCLUSIONS

The Department 602 "Aviation and missile system" of MALI established electromechanical
simulation stand of aerodynamic forces to study the aeroelastic characteristics of the UAV (the
EMS stand). The stand includes: the means of excitation and measurement of vibrations,
managing complex, portals for the elastic suspension of the UAV and force plates for fastening
of the compartments when tested.

Using the EMS stand the experimental researches are conducted at the present time. They
include: determining the UAYV elastic design characteristics of oscillations, the study of UAV
flutter; the determining characteristics of the system "surface control — actuator"(amplitude and
frequency characteristics, stability, and dynamic rigidity); the determination of the control system
frequency characteristics; the study of the possible self-oscillation nature (frequency, limit
cycles, the level of vibration overloads) etc.

Undergraduate and graduate students of the aerospace faculty of MAI are hired to work
experimental researches. They use the results of these experimental researches in their research
work, present papers at scientific conferences and publish articles in scientific journals.
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Abstract. The objective of this paper is to share the measures established at KhAI to help
graduates find the appropriate job positions on labor market. The measures were provided
with attention paid to the specific group of graduates as prospective and aspiring aerospace
engineers and related experts. The career guide has been created on the basis of practical
experience of previous graduates.

Generation and implementation of effective graduate employment policy at higher
educational institutions by profession are an important and highly urgent state task, which
should be solved in close cooperation with employers, universities and youth themselves. The
purpose of KhAI in this matter is to prepare its students to solve problems of employment,
develop their activity and psychological ability to overcome failures at the stage of job search,
improve self-presentation skills as one of the key factors of competitiveness on the labor
market, and gain skills to use traditional and new methods of employment.

The following career guide measures have been provided at KhALI

1) KhAI has formed the Committee for Student Employment affiliated to KhAI

Student Association and the Department of Assisting KhAI Students and Alumni
in Employment, which organize the annual Job Fair. Such events are an excellent
opportunity to establish communication between employers and potential
employees. It is always more efficient to talk in person, ask questions, discuss
some ideas. Many students after such fairs come to businesses for practical
trainings and internships. Such aerospace companies as PJSC Motor-Sich,
Antonov, State Enterprise Kharkiv Machine Engineering Plant FED and PJSC
FED, and Progresstech-Ukraine are participating at KhAI job fair. Apart from
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The organization of scientific activities is coordinated by the Council of Young
Scientists, Postgraduates and Students (Council), which is a voluntary academic association of
students, graduate students and young scientists under the age of 35 who take an active part in
research work.

The purpose of the University Council is to create conditions to unleash scientific,
inventive and creative potential of students training at the University, the development of their
scientific thinking and research skills, promotion of various branches of science at the
University; development of innovation activities, organizational assistance to the University's
leadership in the optimization of scientific and educational work among youth.

The University Council performs the following functions:

— representative — it analyses and represents the interests of young scientists
interested in research work and have a desire to participate in it;

— communicative — it provides a communicative field for communication,
exchange of meaningful scientific ideas, presentation of the results of
individual scientific developments, publication of the results of scientific work
discussing them with their colleagues, i.e. young specialists;

— informational — it provides up-to-date scientific and organizational information
that helps to navigate events and scientific information;

— organizational — it carries out organizational support of scientific initiatives,
proposals, projects, research teams;

— educational — it carries out propaganda activities at the university in order to
attract talented young scientists to research as a possible career and profession.

An important step to involve students in scientific work in our university was the
inclusion of the course "Student research work" in the curriculum of specialists and masters.
This course allows every student to try their abilities in a scientific topic, which each student
receives from the supervisor and performs under their guidance. More active students can do
scientific or design work outside of school hours. Students and masters who study under an
individual program are entrusted the implementation of individual elements of research
conducted at the university. The results of students' scientific papers are discussed at scientific
seminars, forums, round tables, intellectual games, presentations of scientific projects,
exhibitions of student works.

Thus, scientific work becomes an integral part of the educational process, contributes
to the formation of a scientific outlook, the development of creative thinking, initiative,
erudition and individual abilities of students.
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Table 1: Characteristics of aircraft [1]:

Tu-144 Concorde B747
Fuselage Diameter (Interior) 3.3m 2.62m 6.1m
Passenger Capacity 150 95-128 400+
Cruise Speed 2200 Km/h 2160 Km/h 895 Km/h
PEK-STO 5600 Km 5600 Km 5600 Km
Flight Time 2.6 hrs 2.6 hrs 6.2 hrs
Range 6000 6500 9000
Fuel Consumption 36 t/h 20 t/h 15 t/h
Total Fuel Burn(PEK-SVO) 94 tons 52 tons 93 tons
Passenger Capacity 150 128 400
Fuel per Pax 0.62 0.40 0.23

At this point a student may ask, why is this such an important design consideration? It is
very important as, simply put, the cost of the flight has to be distributed among the passengers.
The ability of the aircraft to carry more paying passengers means either the price per ticket can
be reduced, or the airline can make a higher profit. Somewhere in the between the cheapest ticket
price and maximum profit lies the reality of running a profitable airline that sells tickets at
affordable-enough prices to entice people to buy them, while still making a profit and returning
dividends to its shareholders.

In Table 1 we see the huge advantage the supersonic aircraft have over the B747. Using a
flight from Beijing to Moscow as an example, the more-than-double cruise speed advantage is
translated into a comparably lower flight time.

However, speed is not the only factor to consider. For most passengers, the most
important factor is the price of the ticket. If a major influencer on the ticket price is the cost of
fuel, the B747 emerges with a considerable advantage, courtesy of its fuel burn per passenger
value, nearly half that of Concorde and one third that of the Tupolev. From an airline's point of
view, this factor alone tips the scales heavily in the B747's favor. Consider that Concorde could
fly Beijing — Moscow 3 times and still not carry the same number of passengers as the Boeing's
single flight. Even ignoring turn-around times, the supersonic speed advantage is nullified, and
the total amount of fuel used would be more than double that of the B747.

A third factor was the total range the aircraft could fly on one non-stop leg. The
supersonic aircraft were limited in size by their aerodynamic requirements, which severely
limited their payload and fuel capacity. One of the designers' juggling acts is the trade-off
between fuel and payload when calculating MTOW. Simply put, at an aircraft's maximums, the
more fuel you carry, the less paying freight you can take (whether it walks on by itself or you
have to load it), and vice versa.

So we see that high speed has only one advantage — flight time. The B747's ability to
carry a much greater load (of passengers, freight and fuel) over greater distances in a single flight
revolutionized air travel by putting it within reach of many more people, despite the dominant
view at the time it was being designed that it would be superseded by supersonic aircraft and
relegated to use as a freighter (hence the hump). Total production for the B747 was estimated to
be around 400 aircraft. Actual production up to this year (all variants) is 1,536 aircraft delivered
since 1970, 17 more ordered, yet to be built/delivered, for a total production of 1,553, to date. By
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Interference drag is also greatly reduced by the flying wing design. Interference drag
comes from the intersection of airstreams that create turbulence or restrict airflow. For example,
the intersection of the wing and fuselage at the wing root creates significant interference drag.
Since the flying wing has only one unit in the airflow, interference drag is minimized.

From this, we can see that this type of design has some advantages, but what kind of
problems or disadvantages might it create?

As the flying wing has no tail, it needs some kind of balancing force to control pitch. The
horizontal stabilizer on a conventional aircraft serves to balance the device around its lateral axis
by creating negative lift (Fig. 4a), with the elevator controlling longitudinal stability.

So, the total lift force equals:

Ls=L - L, (2)
where L, — total lift force of aircraft, L — lift force on the wing, Ly — lift force on the horizontal
tail.

On a flying-wing configuration, flaperons are needed to create that balancing force.

On (Fig. 4b) we can see the aerodynamic forces present to balance the flying-wing
configuration. If we compare it with (Fig. 4a), we can see that the distances between the wing
and horizontal tail (on the normal configuration), and between wing and flaperons (on the flying-
wing configuration) are different. On the normal configuration it is longer. So, to balance the
flying wing we must increase area of the flaperons, because the leverage generated by them of is
less than the leverage of the tail, as well as the total aircraft lift force being smaller.

Le Ling (3)

As flaperons have the double function of controlling pitch (lateral movement - elevators)
and roll (longitudinal movement — ailerons), the control systems become much more complex.
These are some of traditional problems of this type of configuration. However, modern
computer-controlled fly-by-wire systems allow for many of the aerodynamic drawbacks of the
flying wing to be minimized, making for an efficient and effectively stable long-range aircraft.

Since we are considering aircraft design from a commercial perspective, in particular,
carrying passengers (and their baggage, plus, perhaps, freight), considering the flying wing
configuration as a more efficient option reveals another problem: how to match the carrying
capacity of modern jetliners, and how to arrange the seating and cabin configurations in such a
way that a potential passenger would want to buy a ticket and get on the aeroplane.

The seat maps shown in Fig. 5a are typical for a 3-class B747. The projection for Fig. 5b
is a possibility for a future flying-wing airplane.

From these seat maps, you can appreciate the next issue facing designers of a flying wing
passenger aircraft: the standard international airworthiness requirement that in an emergency, all
passengers and crew are able to exit the aircraft within 90 seconds. Designers of conventional
passenger aircraft have spent considerable time devising emergency exit systems and strategies
in order to meet this strict requirement, including intensive crew training, and the placement of
emergency exit doors and slides at strategic intervals along the length of fuselage. The second
option would not appear to be available to the flying wing designers, particularly for the inner
rows of seats and the lower deck. This is one problem for which a solution still needs to be found
before the flying wing passenger concept can move beyond the concept stage.
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Abstract. This article gives an idea to form a new moon landing program by combining the
American program Apollo-Saturn V and Russian rocket-carrier Energia which is used to
launch the command module (CM), lunar module (IL.M) and service module (SM) to the moon.

1. INTRODUCTION

Nowadays, with the progress of space technology and deep space exploration, the desire of
man to explore the moon and the universe is even more pressing. First of all, exploring the
moon will help mankind to know more about the moon, and to have a good development and
utilization of the lunar resources; secondly, it has developed other new technologies, such as
information, materials, energy and micro electro mechanics, which are of great significance to
the development of social economy and the sustainable development of human society. At the
same time, it is an important symbol of the country comprehensive strength.

The idea (Fig.1) is to form a new transport system to the moon by combining the American
Appollo plan, Saturn V and Russian Energia. The spacecraft is based on the rocket," Energia ",
using the rocket to move the useful load, which includes lunar booster(LB), command module
(CM), lunar module (LM) and service module(SM) into the low earth orbit (LEO).

For our project, the main parameters are in the Table 1.

Table 1: Main parameters of suggested program

Parts Mass of First | Mass of Second
Launch Launch
Lunar booster 70tons 70tons
Lunar module 20tons 0
Command module 0 5.6

Service module 20tons 20tons

Cargo 0 14 .4tons

Total 110tons 110tons
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3. CONCLUSIONS

Mission adaptive landing gear is designed for VTOL aircraft such as near space
travel lander. It uses infrared distance sensors to measure the vertical distances from the
ground directly beneath the skid plates. Based on the datum processed in the controller,
actuating cylinder stake actions and adjust the angles of main struts, ensuring four skid
plates touch the incline terrain at the same time. At last the shock absorbers work and absorb
the kinetic and potential energy. The buffering process happens after the process of
adjustment and the axial forces of the actuating cylinder are in the same direction with the
shock absorber, so that the structure has rational mechanical behavior.

Landing simulation and scaled test show the new design enhances the capability of
landing on oblique or uneven surface. Landing performance of mission adaptive landing
gear adopted is studied and compared with rigidly fixed landing gear. As a result, maximum
overload of the capsule carrying passengers can be reduced effectively and efficiencies of
shock absorbers increase with the decrease of the most compressed shock absorbers’ stroke
length.
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Abstract. Starting from my second semester studying Aircraft Design & Engineering in NUAA
(Spring 2016), I engaged in a project which had the objective of exploring multirotor aircraft
dynamics and from there develop one, designing its structural features, circuitry, controllers and
navigation systems. After a short while, I ended taking the project almost exclusively my myself,
and have been developing it parallelly to my academic activities since then. By the end of the
spring semester of 2017, NUAA’s College of International Fducation started building interest in
the activity. The following is a report of this UAV design, methodology and development history
as of October 2017.

1. Multirotor Dynamics

When the project started, it was designed to be carried out by the majority of the members
of the Science & Innovation Club. At that time, none of the participating members had had any
formal education in any aspect concerting aircraft dynamics, controls, or aerodynamic forces. In
the beginning a research experiment was carried out to understand the means of motion of a
multirotor aircraft, its principles of balance and the control surfaces used to perform each specific
maneuver. It was this research that clarified the less intuitive aspects of a multirotor movement.
Such clarifications follow:

e The number of blades in the rotors always sums to an even number, of which half rotate
clockwise (CW) and the rest rotates counter-clockwise(CCW). Such dynamics serve to
balance the angular momentum generated by the rotation of the blades, without which the
aircraft would yaw uncontrollably. Moreover, for reasons of balancing during yaw, CW
rotating and CCW rotating blades should be positioned alternatingly in the arms of the
aircraft for drones with even number of arms, and one above the other in drones with odd
number of arms (Figure 1);

e The pitch and roll of the aircraft are actuated by the lift generated by the rotor blades.
They are both controlled by reducing the rotation speed in the direction of desired
movement. The rotation speed of the rotors opposite to the desired direction can be
increased to maintain altitude (Figure 2);

e The yaw motion of the aircraft, unlike the pitch and roll, is not actuated by lift, but by
controlling the net angular momentum exerted on the aircraft by the rotor blades. That is,
to achieve positive yaw, the speed of the rotors rotating CCW in increased, while the
speed of the rotors rotating CW is decrease; the opposite results in negative yaw (Figure

3);
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2.2, Materials
The structure was assigned with components made of aluminum and ABS plastic. Both
materials were chosen by their low weight, low cost, considerable resistance and workability, and
availability. Aluminum, as heavier and more expensive than ABS plastic, was set only for the
arms and for the centerpiece that would hold all together. ABS plastic would comprise the more
complex shapes, such as the supports for the motors and electrical components.

2.3. Arms
The arms consist of square 20X20 mm aluminum profiles with a 0.8 mm wall, which
measure 540mm in length. The profiles have several holes drilled in specific places along its
span, with the objective of attaching several other components to the limbs. The tip of the profile
holds two 1mm thick ABS plastic trapezoidal shapes that hold the motor in place. The motor
stands at the top plate, and it is screwed using hexagonal brass supports in both plates. The
bottom plate also extends for 100 mm more than the top, and has an upward pointing edge at its
tip, forming an L shape. The tip was done in such a way to hold an ultrasound proximity sensor
to detect obstacles before they hit the propellers. Both top and bottom supports were cut by hand
from an ABS plastic plate, and holes made by hot iron.
2.2, Centerpiece
The centerpiece is formed by two aluminum hexagonal plates, with the objective of
holding the limb aluminum profiles in place. The aluminum used in both is 2.5mm thick, thicker
than the all the other parts, since it should hold the bending exerted by all the limbs, and
providing a stable support for the later-to-be-installed electrical components. the top centerpiece
has a solid center, whereas the bottom one has a big circular hole cut in the center, exposing the
free space in the center that is not occupied by the limbs. The centerpieces were commissioned
from Taobao, and laser cut according to a CAD file prepared through the Inventor model.
The above structure parts are the parts of the original project idealized up to October 2017.
The landing gear part was ignored until that date, and is planned to be absent until flight tests are
complete. All structural parts are assembled together using M3 bolts, nuts and washers.
3. Circuitry and Electronics
By the time the structure was complete, the project had been abandoned by all the
members, and its development has since been done almost exclusively by me. Since the starting
phase of the project, after brief research, the Arduino platform was chosen as a definite best for
acting as the on-board computer of the UAV. Some advantages of using the Arduino platform
include:
e Accessibility & Affordability: The Arduino itself is an open-source board design, which
means small electronics manufacturers have access to the design, allowing for an
extremely affordable microprocessor;

e Online Support: The Arduino is the choice of the great majority of the online DIY
community, which means previously made projects using the platform offer their
documentation online for further use;

e Ease of use: By the time the circuitry part of the project was being carried, I took a course
on C Programming in NUAA, which is exactly the same programming language used for
programming the Arduino platform;

e Extensive Sensor Support: Not only the Arduino support a vast array of different sensor
kinds, it also does not demand any specific requirements from these, such as brands or
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Abstract. This paper provides an approach to interdisciplinary education, especially
introduces the interdisciplinary airworthiness cultivation in the Nanjing University of
Aeronautics and Astronautics (NUAA) for students of the Aircraft Airworthiness Technology
major. Both objective and personal viewpoints have been illuminated. Conclusions have been
made that interdisciplinary education develops students’ interdisciplinary thinking, which is
essential for solving complex problems.

1 INTRODUCTION

Nowadays, more and more scientific or academic issues have become more complex,
calling for interdisciplinary cognition and cross-field solution''!. A professor on
biodiversity conservation or agricultural cultivation should acquaint himself with both
data science and center-field knowledge. A translator who focuses on a specific field like
economics or politics has to combine language skills with serving industries. As for the
aviation field, an airworthiness engineer deals with not only aviation regulations, but also
technical verifications working with structure itself. Interdisciplinarity has been inevitable
and significant.
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According to Jacobs and Frickel, two experts on education, interdisciplinarity is defined
as “communication and collaboration across academic disciplines” !, Elinor Ostrom, the first
female Nobel Laureate in Economic Sciences, developed her productive study on
deforestation by conducting long-term interdisciplinary research in which her group analyzed
the institutional factors affecting deforestation using multiple research methods including
satellite image data, social-ecological measurements on the ground, and experimental
laboratories. In her words, “Narrow disciplinary boundaries limit our science’s progress” %)

2 THE INTERDISCIPLINARY AIRWORTHINESS EDUCATION IN NUAA

Up to date, most of present college and university graduate education is still on the stage
of specialized education of single discipline. The Nanjing University of Aeronautics and
Astronautics (NUAA) has developed airworthiness direction into a new major several
years ago. Students of the Aircraft Airworthiness Technology major have been attempted to
feature an interdisciplinary educational background.

In the first three years, students focus on their specialties, including aircraft design,
electrical engineering, mechanical engineering, and so on. The three years' study for specialty
is extremely necessary, since it lays the vital foundation of students' knowledge system.
They have got systematic curriculum for engineering, including mathematics, mechanics,
electronic technology, materials and processing, physics, computer science, and aerodynamics.
For the fourth year, they enter studies of airworthiness.

Based on the previously accumulated knowledge, they can go further into airworthiness
field with a good understanding of correlative technological issues. When relating to structural
and electronic reliability in airworthiness, they can connect mechanics and electronics
(they have learnt before) with reliability technology. When coming to civil aviation regulations,
they are clear about the aircraft structure, aerodynamic characteristics and corresponding
techniques to satisty various requirements. Airworthiness is a complicated discipline which can
never support itself without professional knowledge®. From this aspect, interdisciplinary
education enriches and systematizes students' intellect and enables their professional abilities.

3 INTERDISCIPLINARY THINKING CASE - LIGHT AIRPLANE DESIGN

A significant achievement of interdisciplinary cultivation is interdisciplinary thinking.
Focusing on a certain field can lead to deep researching outcomes, whereas width of
perspective can be limited, at the same time. Most of technical problems require the ability to
change disciplinary perspectives, to switch between depth and breadth, and to transfer new
knowledge structures to other appropriate contexts. Jacobs and Frickel wrote in their articles
that interdisciplinarity is expected to integrate knowledge and solve problems that individual
disciplines cannot solve alone”!.

A graduation project accomplished by a student of the Aircraft Airworthiness Technology
major in NUAA can be taken as an example to identify and support the significance of
interdisciplinary thinking. Based on four-year learning of aircraft design and airworthiness,
the composite wing of a domestic light general aircraft named “NH40” (Figure 1) was
designed. China Civil Aviation Regulations was taken as the designing criteria*!,
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Abstract. The paper displays results achieved under student research work highlighting joint
educational cooperation of two Aerospace-related universities in China at the ‘“university-
university” level. This educational model has been found to be a beneficial strategy resulting in
larger opportunities for students’ education involving twice more guidance and resources within
the same timeframe. In particular, the student’s research on heat transfer aspects for aero-engine
inlet strut with a film-slot cap has been started by a student of the Aircraft Airworthiness
Technology major in Nanjing University of Aeronautics and Astronautics and enlarged within
additional guidance for further study in Beijing University of Aeronautics and Astronautics,
as follows. The anti-icing structure with film slots in the leading edge has advantages in
improving internal jet impingement heat transfer and external film heating efficiency, and helping
to blow the droplet away to decrease local collection efficiency. In order to further improve
the efficiency of the film heating and avoid the flow choking, a unilateral-opened cap was
designed for the aero-engine inlet strut with film-slot of 5° angle. Firstly, the basic flow field
calculation of the complex structure was carried out by using six different turbulence models and
wall conditions. By comparing with the experimental data, the standard k-¢ model with enhanced
wall condition was confirmed with the best compliance. Then the best cap opening angle and
the effect of blowing ratio on the heating efficiency of the film were studied under the condition of
coupled and uncoupled heat transfer. It was found that the cap enhanced the adhesion of the heat
Jjet outflow and improved the heating efficiency of the outer surface. And 30° was the best cap
opening angle when the heat flow rate was 0.0586kg/s, which made the heating efficiency
the highest. In addition, as the blowing ratio increased, the vortex near the jet outlet led to
the local heating efficiency decreasing, but the heating influence range along the flow was wider.

:* The Presenting Author: Lu Yi, Graduate Student, lu_yi@buaa.edu.cn.
The Corresponding Author: Ke Peng, Associate Professor, p.ke@buaa.edu.cn.
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1 INTRODUCTION

The educational process always benefits a lot from interaction and cooperation of relevant
research teams. Teaming may happen at the level of “student-student” interaction within
the same laboratory, “laboratory-laboratory” interaction within the same department or
college. But when it goes beyond boundaries of the same college, when it reaches the level of
“college-college” or even ‘“university-university” interactions, a studied research task also
expands in its feasibility to much higher levels due to more resources being involved.
The described work strategy has long been maintained between the two Aerospace-related top
universities of China: Beijing University of Aeronautics and Astronautics (BUAA) and
Nanjing University of Aeronautics and Astronautics (NUAA). In particular, students of
the Aircraft Airworthiness Technology major in NUAA who are intending to go for their
Master’s degree study to BUAA already start their further study research directions while yet
studying in NUAA for their Bachelor’s degree. Such student researches are usually guided by
two supervisors from both mentioned universities gaining access to twice larger knowledge
database and laboratory resources at the same time. During work, students really appreciate
understanding of teachers of the former university who have been helping them to get better
ready for entering another university in the nearest future.

Such a research work has been done by an undergraduate student on heat transfer aspects
for aero-engine inlet strut with a film-slot cap. The project was started in NUAA, and teachers
inspired quite a lot in relative airworthiness background and English writing. BUAA professors
and seniors also gave much technical guidance when facing software problems. It has been
beneficial for the student to have both strong educational resources. And the results of such
a student joint research work are presented in this paper covering aspects from aircraft flight
safety to design for aircraft airworthiness.

Flight safety of aircraft operating under natural icing conditions is one of the major concerns
of certification authorities and aircraft manufacturers. Ice accretion on the aero-engine inlet
strut will affect the intake flow and thus degrade engine performance. Furthermore, it will also
lead to some more serious mechanical damage because of the shed ice sucked into the engine.

To make the aero-engine more safe, Civil Aviation Administration of China (CAAC) issued
strict regulations in CCAR33.68 [1], which require that engine, with all icing protection
systems operating, must

“(a) Operate throughout its flight power range (including idling) without the accumulation
of ice on the engine components that adversely affects engine operation or that causes
a serious loss of power or thrust in continuous maximum and intermittent maximum icing
conditions as defined in Appendix C of Part 25 of this chapter, and

(b) Idle for 30 minutes on the ground, with the available air bleed for icing protection at its
critical condition, without adverse effect, in an atmosphere that is at a temperature between -
9°C and -1°C and has a liquid water content not less than 0.3 grams per cubic meter in
the form of drops having a mean effective diameter not less than 20 microns, followed by
a momentary operation at takeoff power or thrust. During the 30 minutes of idle operation
the engine may be run up periodically to a moderate power or thrust setting in a manner
acceptable to the Administrator.”
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As always, a hot air anti-icing system is the main anti-icing method of engine, which makes
use of the hot gas from the low or high pressure compressor to heat the targeted region [2-3].
Nowadays, the impacting heat transfer of typical heat anti-icing system with metallic material
has been adequately studied. Hot air bled from the compressor impacts the front inside wall to
get it heated, then, the heat transfers to the outside surface through heat conduction.
This method, the so-called “Surface Type Heat Transfer”, separates the hot air and outside
surface and has been widely applied to some airfoil anti-icing systems [4], aero-engine inlet
strut anti-icing systems [5] and double skin corrugated chord direction anti-icers [6].

In order to make better use of the exhaust heat of hot air that has already impacted the front
inside wall, a new design that adds some film holes or slots to the anti-icing chamber has been
announced. The target of this design is still to enhance the impacting heat transfer effect and
has been successfully applied to the Russian aero-engine AL31-F. For more research work,
Li Yundan et al. [7] used a numerical model to study the effect of impacting distance, hole
diameter, hole spacing and Reynolds number (Re) on the heat transfer of impacting structure
for the heat anti-icing system. Ma Hui et al. [8] developed a new hot-air anti-icing structure of
an engine inlet vane with micro channels and narrow gaps. And then they moved forward
the position of the jet hole and moved backward the exhaust hole to get a better heat transfer.

Nevertheless, as low thermal conductivity composites tend to be more and more popular in
the field of aircraft material, it poses a challenge for the heating effect of the aforementioned
"Surface Type Heat Transfer" method that is suitable for the anti-icing system with metallic
materials. Therefore, a new kind of structure with film holes or slots purposely in the leading
edge has become to be studied and valued [9-10]. In this structure, both the internal impacting
heat transfer and external hot film heat transfer play an important role. Exhaust air out of
the leading edge holes or slots can not only enhance the internal impacting effect, but also heat
the external surface and weaken the external heat convection as it jets out and flows close to
the outside wall. Furthermore, the hot jet is able to affect the trajectory of oncoming water
droplets, reducing the surface water collection efficiency. Hence, many researchers like Yang
Huiyun [9] and Zhang Yun [10] have done work to study the heat transfer characteristics and
water droplet impingement characteristics referring to some relevant research work
(like impingement heat transfer [11-13], and cold film heat transfer [14-18]) in the mature film
cooling field.

In order to further improve film heated efficiency and prevent the clogging of film slots,
we firstly designed a kind of film cap based on the structure in reference [10]. Then, the best
cap opening angle and the effect of blowing ratio on the heating efficiency was studied in
detail. Lastly, some aerodynamic forces and drags were also taken into consideration.

2 STRUCTURE DESIGN AND SOLVER SETTINGS

2.1 Film-Slot Cap Design

It has been proved that the film slots of the aero-engine inlet strut have a significant effect
on the flow field and temperature field of the structural surface, and among the four different
film slots angle (5°, 30°, 90°, 150°) discussed, the angle 5° shows the superiority [10].
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Furthermore, the reason why film heating efficiency inside the red circle part in Fig.9 was
lower than the surrounding was due to our uncoupled simulation. In that case, the hot jet in
the deicing cavity was adiabatic, and the total temperature was a constant. When the hot jet
got to the exit, the speed would accelerate quickly since the film-slot cap narrowed the cross-
section. Then the static temperature of the flow would decrease to make the film heating
efficiency lower.

4 CONCLUSIONS

This paper has presented some numerical simulations on heat transfer problems.
A unilateral-opened cap was designed for the aero-engine inlet strut with film-slot of 5° angle.
And the best cap opening angle and the effect of blowing ratio on the heating efficiency of
the film were studied under the condition of coupled and uncoupled heat transfer. The main
conclusions were as followed:

1) The standard k-¢ turbulence model with the enhanced wall treatment could better
simulate the details of the flow under the conditions in this paper.

2) The film-slot cap could better improve the film heating efficiency. When the blowing
ratio was 0.5, the heating efficiency increased as the cap opening angle increased. However,
when the hot jet mass flow was maintained at 0.0586 kg/s, the heating efficiency just went up
then went down as the cap opening angle increased, which showed a two-sided effect.
And 30° tended to be the best cap opening angle in that case.

3) For the structure with film-slot cap opening angle of 30°, the vortex near the jet exit got
larger as blowing ratio increased, which made the heating efficiency lower in the very anterior
region and higher in the posterior region of the external surface.

Last but not least, the presented work has been a result of joint cooperation of the two
universities as it has been done within graduation study in Nanjing University of Aeronautics
and Astronautics and continued within a postgraduate study in Beijing University of
Aeronautics and Astronautics. The work accomplished required involvement of books and
papers of the two university libraries. Visits to the Air and Space Museums in both
universities offered observing anti-icing systems of real aero-engine structures, such as
AL-31F engine in particular. The work process has gained much from interaction with
teachers and students of the two schools when dealing with difficulties. The current
educational model has been regarded quite successful and it can be extended to many schools
in order to strengthen cooperation chains not just in practical research activities but also in
education of students that will obviously result in more and more students benefiting from it.
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was assimilated into NASA. At the first time he and his team used captured V-2s to teach
American scientists and engineers about rocketry.

In Western countries and mainly in the United States, a broad program of research in the
field of rocket science was launched. Abroad, they were absolutely sure that the Soviet people,
bleeding from the war, would not be able to solve the problem of creating powerful guided
missiles for a long time.

The fate of the first Soviet missile creators was difficult, in particular, in 1938, Valentin
Glushko (1908-1989), Sergei Korolev (1906-1966), were arrested. In 1940, V.Glushko was
transferred to the Kazan Aviation Engine Plant No. 16, where was organized a special design
bureau, consisting of prisoners (OKB-16). V.Glushko continued to develop auxiliary airplane
liquid rocket engines with pumping fuel. In 1942 Sergei Korolyov got into this bureau.

In 1944, they were released, and in 1945, on their initiative, the first in the world department of
rocket engines was created at the Kazan Aviation Institute.

Under NASA, Wernher von Braun served as director of the newly formed Marshall
Space Flight Center and as the chief architect of the Saturn V launch vehicle, the superbooster
that propelled the Apollo spacecraft to the Moon. But he was not destined to become the
protagonist in launching the first satellite. The Soviet Union made a powerful breakthrough in
this most important historical event, under the leadership of Chief Designer Sergei Korolev, the
world's first carrier rocket was built, capable of reaching the first space speed.

In the beginning of 1945 information in the USSR about the ballistic missile V-2 was
very minor: A study of the materials found at the missile test site in Poland in the Debica district,
intelligence data, the meager reports of the Allies-the English, the testimony and the stories of a
few information-capturing outline in general terms for the scope of the work in Germany for a
new type of weaponry guided long-range missiles.

Very important information was received on February 8, 1945 when, from the airfield of
the secret base Peenemiinde, the prisoner-of-war, fighter pilot Mikhail Devyataev (1917-2002)
and his nine associates managed to hijack a German Heinkel-111 aircraft. The aircraft was
equipped with the latest V-1 missile control system. For a long time the details of this escape
remained unknown. Before his death, Mikhail Devyataev in one of the interviews said that his
introduction to one of the most secret bases of the Wehrmacht was carried out not without the aid
of military intelligence. In 1957, he was awarded the highest award - the golden star of the Hero
of the Soviet Union.

At the end of the Second World War a group of Soviet specialists in the field of rocketry
was urgently sent to the Peenemiinde base to study the documentation, the rocket itself and the
technology of its manufacture. The result of this work was the upgraded copy of the R-1 created
under the leadership of SP Korolev on the basis of the A-4 (V-2) rocket, which successfully
launched in 1948 and flew about 300 km. And soon a version of the R-1 missile designed
specifically for launching along a vertical trajectory and having received the designation B-1A
was developed at the OKB Korolyov. The launch mass of the rocket is about 14 tons. The lift
height is up to 100 km. The RD-100 LPRE was installed on the rocket, which was developed by
Valentin Glushko. The high-altitude rocket V-1B was distinguished by the detachable head part.
They contained containers with geophysical institute equipment for sampling air at high altitude.
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Abstract. The objective of this paper is to analyze the existing methods of the aircraft noise
measurement and propose methods for noise level decreasing by taking into account the
criterion of reducing drag, also to implementation of this method in the learning process.
These methods provides in modern time to create aircraft structure with the noise level, which
confirms with actual ICAO requirements for noise. But, every time these requirements to stay
stronger and stronger, as result designers must find new solutions for noise decreasing. These
are solutions will base on innovation methods. For creation of these methods require deep
investigation in the direction of high structural efficiency from the point of these tasks. Also
we know, that the main sources of noise are engines, but in the same time the airframe creates
considerable part of noise level too. Hence, analysis of existing methods and research for new
methods of airframe noise is important and actual task. The including results of this research
to real learning process also important.

INTRODUCTION

The development of aviation at now time has a high level. It includes not only flight or
economical performers of aircraft, but also and their ecological characteristics. That is
provided by the level of designer culture, manufacturing and operational conditions.
However, requirements to the environment influence every time become stronger. ICAO
created forecast to 2020 year about environment requirements to aircraft (Fig. 1) [1,2,3,14,15].
As shown, the noise level must be decrease before 2020 year at 10% compared with 2006.
Also, the forecast about noise was create by ACARE (fig. 2) [1,2,3,14,15]. It is shown that
noise from aircraft must be decrease before 2050 year at twice time compare with 2000 year.
It is very strong task and without clear and understanding solution, it may be impossible.
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Figure 2: Analysis results of forecast for noise decreasing by ACARE
(Source: Flightpath 2050 research)

So, the task for noise decreasing is important and for society it is realistically needed.

Before research starting, it is needed understand nature, sources of aircraft noise, also
analyses of modern methods of noise decreasing and measurement.

At the first, we need to determine the kinds of noise by the operation areas. It will be
by two types:

1) External noise — noise at the environment, outside aircraft body.

2) Internal noise — noise inside aircraft — cockpit, passenger or cargo compartments.

If it relates about external noise, it is clear that the noise creates problems only at
relative small area near the airport, where it flies at low altitude, because at cruise altitude
distance from it and living area very high. So, for analysis interesting only next stages of a
flight: take-off, climbing, landing approach, landing and taxing. The internal noise presents
full time of flight.

As example, the diagram of a landing approach is shown on Fig. 3 [1,3.,4].
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Important role for the analysis plays the noise measurement. In ICAO documents
Annex 16 Volume 1 Chapter 2 presents information for this purpose. For example conditions
for lateral noise measurement point are present on Fig. 9 [3.6].

point for
measurement

Figure 9: Lateral noise measurement point

The last point in the research of this paper about using the material for absorbing
aircraft noise is in learning process. This area very wide and includes a lot of theoretical
questions from difernet aviation subareas. Some of them: structural features of airframe, it
includes as classical questions, but also new aproaches for structure creation are present in it
[9]; aerodynamics — also there are classical tasks and new approaches for noise decreasing [9],
etc.

So, the noise decreasing task is very important not only for aviation specialists, but for
society too, and solving of this task is the problem of the nearest feature.
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CONCLUSIONS

From the present roundup, it is possible to create next conclusions:

1. Aircraft traffic will growth and, by forecast analysis, by 2050 it will increase at
twice time.

2. ICAO has made tougher requirements for noise limitation. And by 2050 it will
decrease by 65 %.

3. Noise decreasing is actual problem, which requires new approaches for its solving.

4. Design approach is perspective way for noise deceasing, because airframe creates
considerable part of the noise at takeoff and landing stages of the flights.

5. Deep analysis of modern structural features provides rational ways for noise
decreasing by improving airframe structural members.

REFERENCES

[1] Aircraft noise report 2015. Luftfahrt bewegt. BDL — Bundesverband der Deutschen
Luftverkehrswirtschaft e. V. 2015. 24 p.

[2] P. Malbequi, Y. Rozenberg, J. Bulte. Aircraft Noise Prediction in The IESTA Program.
ONERA, BP-72, 29 avenue de la Division Leclerc, 92322 Chstillon Cedex, France.

[3] Getting to grips with aircraft noise. Flight Operations Support & Line Assistance. Airbus.
December 2003, 85 p.

[4] Russell H. Thomas, Yueping Guo, Jeftrey J. Berton, Hamilton Fernandez. Aircraft Noise
Reduction Technology Roadmap Toward Achieving the NASA 2035 Noise Goal. American
Institute of Aeronautics and Astronautics, 2017, p. 25.

[5]D. Casalino, F. Diozzib, R. Sannino, A. Paonessa. Aircraft noise reduction technologies:
A bibliographic review. Aerospace Science and Technology 12 (2008), pp. 1-17.

[6] Aircraft Noise Analysis. Appendix A. Joint Primary Aircraft Training System. USA
USAF, 1998, p. 19.

[7] Miguel Marquez-Molina, Luis Pastor Sanchez-Fernandez, Sergio Suarez-Guerra, Luis
Alejandro Sanchez-Perez. Aircraft take-off noises classification based on human auditory’s
matched features extraction. Applied Acoustics. 84 (2014) 83-90 pp.

[8] Yueping Guo. Airframe Noise Modeling and Prediction. NEAT Consulting. Seal Beach,
CA 90740. USA. September, 2016

[9] D. V. Tiniakov. The improvement of the Aircraft Lift Surfaces Integrated Design Taking
into Account the Inductive Drag. Asian Workshop on Aircraft Design Education. AWADE
2016. Nanjing University of Aeronautics and Astronautics (NUAA), 08-11 October 2016.
http://aircraftdesign.nuaa.edu.cn/AWADE2016. pp. 135-141.

[10] Thomas L. Connor. Aircraft Noise Control and the Role of Federal Research. NASA's
Environmental Compatibility Research, Workshop II, May 19-21, 1998, Cleveland, OH

[11] S. Redonnet. Aircraft Noise Prediction via Aeroacoustic Hybrid Methods — Development
and Application of Onera Tools over the Last Decade: Some Examples. Aerospace Lab. Issue
7 - June 2014 - Aircraft Noise Prediction via Aeroacoustic Hybrid Methods.

203






EWADE 2017 - Book of Abstracts

Dieter Scholz (Ed.)

Book of Abstracts

13th European Workshop on Aircraft Design Education
(EWADE 2017)

in co-operation with the
2nd Asian Workshop on Aircraft Design Education
(AWADE 2017)

co-located with the
6th CEAS Air & Space Conference
(CEAS 2017)

Date: 19 October 2017
Palace of the Parliament, 2-4 Izvor St., Sector 5,

050563, Bucharest, Romania
Room: Nicolae lorga Hall No. 2

Venue:

205






EWADE 2017 - Book of Abstracts

Content

Dieter Scholz
Welcome to EW ADE 2007 209

Octavian Pleter, Sterian Danaila

Education in Aerospace Engineering at the University '"Politehnica' of Bucharest......209
Petter Krus

Aircraft Systems Engineering and Concept Evaluation........................................... 210
Fabrizio Nicolosi

Innovative Tools for Aircraft Preliminary Design — Development, Applications and
Education ... 211

Dieter Scholz
Specific Fuel Consumption of Jet Engines — Implications in Aircraft Design
and Performance Calculations ... 211

Jizhou Lai
Welcome to Asian AWADE and European EWADE........................................... 212

Pinqi Xia
Aerospace Engineering Education at Nanjing University of Aeronautics and

A ST OI I CS oo 213

Zhijin Wang, Anatoly Kretov
The 60th Anniversary of the Launch of the First Satellites — Historical and Technical

AMALYSES ... 213
Anthony Hays
Generation of the Drag Map and Derivative Plots for Commercial Aircraft................... 214

Dmitry Tinyakov, Yuliya Babenko

Aircraft Noise Sources and Analysis of Possibilities for Noise Reduction........................... 214
Oleksiy Chernykh

Airworthiness Knowledge Comes into Focus of Chinese Aviation

Education ... 215

207



EWADE 2017 - Book of Abstracts

Emmanuel Bénard, Peter Schmollgruber
Review of Aircraft Design activities at ISAE-SUPAERO/ONERA .............................. 216

Lorenzo Trainelli, Carlo Riboldi

Award-Winning Innovative Aircraft Design Projects at Politecnico di Milano ...12

Diane Chelangat Uyoga
Aerospace Education in Kenya — The Case of Moi University.................................... 217

Tomasz Goetzendort-Grabowski
Results of READ/SCAD 2016 — Proposal of a Joint READ/EWADE/SCAD Workshop

208



EWADE 2017 - Book of Abstracts

Abstracts

EWADE Session 1, AWADE Session 4

Dieter Scholz
Hamburg University of Applied Sciences (HAW Hamburg), DE Aircraft
Design and Systems Group (AERO)

Welcome to EWADE 2017

The "Welcome to EWADE 2017" gives an introduction to the program including the video
conferencing with AWADE in Nanjing, China. The history of EWADE is briefly explained
for those new to the workshop. The first workshop was held in 1994 on invitation only.
EWADE has links to several other workshops and organizations: READ, CEAS, SCAD
and AWADE (in order of the length of the established contact). EWADE is an important
activity in the CEAS Technical Committee Aircraft Design (TCAD) together with SCAD.
Both share the URL www.AircraftDesign.org. Available presentations from EWADE reach
back to the year 2000. In some cases full papers were written after the presentation. Also
these are published on the web page. EWADE has always discussed possibilities for
journal publications in aircraft design. Several cooperations exist.

Keywords:
EWADE 2017 programme, history, cooperations, web pages, publications

Octavian Pleter, Sterian Danaila
University Politehnica of Bucharest (UPB), RO Faculty of
Aerospace Engineering

Education in Aerospace Engineering at the University ''Politehnica" of
Bucharest

Romanian has contributed to pioneering aviation. The University "Politehnica" of
Bucharest (UPB) stands in this tradition. Higher education in aviation started in 1928, when
Prof. Elie Carafoli opened the first conference on Aeronautics at the Polytechnic school
in Bucharest. He also built the first wind tunnel in South-Eastern Europe (1931), still in
operation. Today, graduates from the Faculty of Aerospace Engineering can be found in
all sectors of aviation and space in many countries of the world. Alumni of the faculty have
contributed to major aerospace programs. UPB is active in aerospace research and
teaching and offers Bachelor and Master
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degrees as well as doctoral studies. Fields of study are: Aerospace Constructions,
Propulsion Systems, Equipment and Aviation Instruments, Engineering and Management in
Aeronautics, Air Navigation, and Aeronautical Design. 180 to 200 students commence
their studies in the faculty each year. The faculty has more than 1000 students, more than 40
professors and lecturers, several laboratories. An international network with partner
universities results in many opportunities for incoming and outgoing students.

Keywords:
aerospace, education, research, industry, alumni, history

Petter Krus
Link&ping University (LiU), SE
Division of Fluid and Mechatronic System (Flumes)

Aircraft Systems Engineering and Concept Evaluation

Methods and tools are presented that facilitate the evaluation of aircraft system
concepts in various ways. One such tool is HOPSAN-NG. It allows a wide range of
simulations from the aircraft hydraulic system, via aircraft dynamics up to the simulation of
a whole aircraft mission based on pre-defined way points. This allows an evaluation of the
aircraft including its fuel consumption due to aircraft systems and the evaluation of many
more details of the aircraft's behavior.

Keywords:
aircraft systems, systems engineering, simulation, evaluation
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Fabrizio Nicolosi
University of Naples "Federico II" (UNINA), IT
Design of Aircraft and Flight Technologies Research Group (DAF)

Innovative Tools for Aircraft Preliminary Design - Development,
Applications and Education

The Design of Aircraft and Flight Technologies Research Group (DAF) at University of
Naples is involved in research activities addressing the development and application of
new and innovative tools and frameworks for aircraft preliminary design. To build such
new tools for aircraft design we believe that the following activities should be carried
out: (a) derive new semi-empirical formulations (even through the construction of
surrogate methods) which can be more accurate in the prediction of aircraft characteristics
(especially for non-conventional configurations);

(b) integrate medium to high fidelity tools into the analyses; (c) design with a multi-
disciplinary approach (i.e. including systems and direct operating costs), (d) include
innovative propulsive systems; (e) deal with innovative configurations; (f) include new and
efficient optimization algorithms; (g) use advanced software engineering to enhance tool
capabilities, speed and usability (for example user-friendly graphic interface or inter-
operability with other software). Recent research activities of the DAF group have been
focused on the development and application of a new framework. Examples and
applications in relevant European research projects can be presented. The development of
these tools play also a relevant role in educational activities at the University of Naples as far
aircraft design is concerned.

Keywords:
aircraft design tool, aircraft design framework, aircraft MDO, innovative configuration

Dieter Scholz
Hamburg University of Applied Sciences (HAW Hamburg), DE Aircraft
Design and Systems Group (AERO)

Specific Fuel Consumption of Jet Engines — Implications in Aircraft Design
and Performance Calculations

Basic considerations about an overall efficiency of an aircraft lead to the conclusion that a
power-specific fuel consumption (PSFC) has to be constant, whereas a thrust- specific fuel
consumption (TSFC) has to be proportional to speed. This however, leads to a
contradiction, because the fuel consumption at zero speed cannot be zero. Furthermore,
specific fuel consumption is a function of thrust (or drag) which varies
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with speed. This links SFC not only to engine characteristics, but to the whole aircraft and its
flight condition. We understand that (in contrast to tradition) the Breguet range equation for
jets could be written with a (constant) power-specific fuel consumption (PSFC).
Optimizing for maximum range now leads to a different optimum speed compared to a
derivation based on a constant thrust-specific fuel consumption (TSFC). We also understand
why flying low and slow (for reduced fuel consumption) does not work as well as expected
— even for a newly designed aircraft for which the wing area is not yet fixed.

Keywords:
specific fuel consumption, SFC, Breguet, range, fuel, saving, flight, low, slow

EWADE Session 2, AWADE Session 5

Jizhou Lai
Nanjing University of Aeronautics and Astronautics (NUAA), CN
International Affairs Office

Welcome to Asian AWADE and European EWADE

The presentation looks at the international dimension of aerospace at Nanjing University of
Aeronautics and Astronautics. Many international contacts exist. The Asian Workshop on
Aircraft Design Education (AWADE) started with its first workshop in 2016. It was
inspired by Prof. Anatoly Kretov who joint NUAA from Kazan State Technical
University, Russia. Prof. Kretov had participated in EWADEs already since 2007 and was
able to bring the special spirit of this workshop to Asia. CEAS 2017 is now the first
opportunity for EWADE and AWADE to hold a joint meeting.

Keywords:
NUAA, international relations, EWADE, AWADE, AWADE 2016
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Pinqi Xia
Nanjing University of Aeronautics and Astronautics (NUAA), CN
College of Aerospace Engineering (CAE)

Aerospace Engineering Education at Nanjing University of Aeronautics
and Astronautics

The presentation considers the system of education and preparation of students at Nanjing
University of Aeronautics and Astronautics at the Aerospace Engineering College.

Keywords:
aerospace industry, education, directions, preparing of specialists

Zhijin Wang, Anatolii Kretov
Nanjing University of Aeronautics and Astronautics (NUAA), CN
College of Aerospace Engineering (CAE)

To the 60th Anniversary of the Launch of the First Satellites —
Historical and Technical Analysis

Students' interest can be increased by studying the history of technology developments. The
presentation describes the history of creating and the launches of the first
satellites Sputnikl and Sputnik2 in 1957. The historical background is given followed by a
brief analysis and conclusions.

Keywords:
teaching, aerospace, history, technology development, satellite, Sputnik
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Anthony Hays
Aircraft Design and Consulting (ADAC), US California
State University, Long Beach (CSULB), US

Generation of the Drag Map and Derivative Plots for Commercial Aircraft

The drag map provides important information about the transonic aerodynamic
characteristics of an aircraft design. In an aircraft design course, students should be aware of
the significance of the drag map and its derivative plots. The presentation describes how a
drag map and its derivatives can be constructed that are representative of a given aircraft
configuration.

Keywords:
aircraft design, transonic aerodynamics, transonic drag rise, drag map

Dmitry Tinyakovl, Yuliya Babenko>
Nanjing University of Aeronautics and Astronautics (NUAA), CN
? National Aerospace University — Kharkiv Aviation Institute (KhAT), UA

Aircraft Noise Sources and Analysis of Possibilities for Noise Reduction

This presentation analyzes the existing methods of aircraft noise measurements and proposes
methods to decrease noise levels by taking into account drag reduction criteria. The
implementation of this method in the learning process is discussed.

Keywords:
aircraft, noise, aerodynamic drag
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Oleksiy Chernykh
Nanjing University of Aeronautics and Astronautics (NUAA), CN Civil
Aviation Engineering Department (CAED)

Airworthiness Knowledge Comes into Focus of Chinese Aviation Education

Air Transportation is the safest mode of transportation, because it has long been under
comprehensive aircraft airworthiness management. The airworthiness chain consists of
three main components (a machine, environment, and a man) which all ensure highest
levels of safety through well coordinated work. The last (but not the least) component of
the airworthiness chain is a human, professional specialist. Once China has started to
develop its own aircraft, the need for well educated airworthiness professionals has
strongly increased. The College of Civil Aviation of Nanjing University of Aeronautics
and Astronautics offers airworthiness knowledge, which has been delivered by a number
of professional teachers: local professors, who continuously advance their knowledge
working abroad, and foreign professors invited from overseas universities to strengthen
airworthiness education in China. Strong emphasis in teaching has been put on
professional English, which opens better opportunities for graduates at Chinese and
foreign aviation enterprises, because aircraft airworthiness is a worldwide issue.

Keywords:
airworthiness management, airworthiness education, Chinese aviation education, air
transportation, aviation safety
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EWADE Session 3, AWADE Session 6

Emmanuel Bénardl, Peter Schmollgruber2

! Institut Supérieur de I'Aéronautique et de I'Espace (ISAE), FR
? Office National d'Etudes et de Recherches Aérospatiales (ONERA), FR

Review of Aircraft Design activities at ISAE-SUPAERO / ONERA

During last years, ISAE-SUPAERO and ONERA reinforced their collaboration in
aircraft design. The objective of this presentation is to illustrate the various studies that
have been performed. First, the common Sizing Tool FAST (Fixed-wing Aircraft Sizing
Tool) that has been developed during last years through projects will be presented. In a
second part, aircraft design activities related to distributed propulsion using FAST and other
disciplinary codes are detailed. These studies concern regional aircraft as well a small-
medium range missions. Always regarding innovative concepts, ISAE-SUPAERO launched
many disciplinary studies related the the Blended Wing Body Concept: high fidelity
structural analyses, aerodynamics, and control. Later on, it is planned to integrate these
refined capabilities in the overall aircraft design tool. These recent activities are
summarized to provide an clear overall status for this concept. To conclude the
presentation, information about the Scaled Demonstrator used to support student projects
will be given. ISAE- SUPAERO's activities in aircraft design are made under the Chair
CEDAR sponsored by Airbus.

Keywords:
sizing tool, OAD, FAST, distributed propulsion, BWB, scaled demonstrator

Lorenzo Trainelli, Carlo Riboldi
Politecnico di Milano (POLIMI), IT
Department of Aerospace Science and Technology

Award-Winning Innovative Aircraft Design Projects at Politecnico di Milano

The presentation addresses the Aircraft Design graduate course at Politecnico di Milano
and a series of projects developed in recent years that have been submitted to various
international design competitions, achieving a remarkable success rate.

Keywords:
innovative aircraft design, aircraft design education, electric aircraft, hybrid-electric
aviation, morphing tilt rotor, student competition
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Diane Chelangat Uyoga
Moi University, KE
School of Aerospace Sciences

Aerospace Education in Kenya — The Case of Moi University

Learning is the heart of existence and education is the main driver of economic
activities in the world. Education cuts across continents, generations and races where it is
believed that having a formal education is a gateway to better living. Moi University
(Kenya), has taken on a challenge to demystify a myth of “how a small stone when
thrown up comes down and a plane that is big do not fall off from the skies”. Aircraft
design has not been explored in the African context and aerospace education has captured
limited attention, more so in a higher education context. Moi University, a state owned
institution situated in the Eastern part of the continent attempts to address the technical
and softer issues that are tailored to equip learners with knowledge on aerospace and its
dynamics.

Keywords:
education, aircraft design, aerospace

Tomasz Goetzendorf-Grabowski
Warsaw University of Technology (WUT), PL Aircraft
Design Department

Results of READ/SCAD 2016 — Proposal of a Joint
READ/EWADE/SCAD Workshop 2018

The results from READ/SCAD 2016 are published online at READ and SCAD web pages
and in the journal "Aircraft Engineering and Aerospace Technology".
http://PapersSCAD2016. AircraftDesign.org,
http://www.emeraldgrouppublishing.com/aeat.htm,

http://read.meil. pw.edu.pl/wp-content/uploads/Program/READ SCAD 2016 html.

Keywords:
education, research, aircraft design, workshop, publication, journal
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AWADE 2017
Nanjing University of Aeronautics and Astronautics (NUAA), 17-20 October 2017

http://aircraftdesign.miaa.edu.cn/AWADE2017
CONCLUSION

According to the results of the work of the 2nd workshop and held discussions
for further successful development of the AWADE event, the following suggestions
are considered:

1. The AWADE Workshop will be held at NUAA 1n even-numbered years, which
can be staggered with the EWADE Workshop that is held in odd-numbered years.

2. It is necessary to increase the number of participants from the aviation-related
universities of China. To promote this with the aim of informational interaction, it is
important to involve all teachers of College of Aerospace Engineering.

3. The positive experience of participation in the workshop via video-conferencing is
to be continued at the next workshops with the aim of attracting maximum number
of participants.

4. The Organizing Committee has to provide great opportunities for student
participation and dedicate an individual session to this.

5. To provide the organization of thematic sessions of the AWADE Workshops.

6. Strengthen further communication with EWADE Workshop and also with READ,
SKAD events.

7. To consider academic citation indexing for the AWADE paper collection.

8. To consider recommending the best papers of the AWADE presentations for
publishing in famous indexed journals.

9. To consider the opportunity to combine two events in frame of AWADE:
conducting of seminar with international student Olympiad on aircraft design, thus,
to attract aviation companies.

10. At the administrative level of the University to consider establishing strong
relations of AWADE with Chinese Society of Aeronautics and Astronautics.

11. To promote AWADE-2018 more widely in international sources from January
2018 for inviting greater number of foreign participants.

12. To improve network equipment and quality of connection for futures video-
conferencing.
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