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Abstract—The article is devoted to the comparison of the
characteristics of electric traction aircrafts and those equipped
with classic ICE. The calculation of the flight range of aircraft
equipped with an electric motion has been made.
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I.  INTRODUCTION

In recent years the aircraft industry has been increasingly
interested in an electric motor application as the main power
unit. This trend is explained by the production of advanced
engineering structural materials, the reduction in the cost of
high power permanent magnets, the development of the
element base and, most importantly, the steady improvement
of the characteristics of electric energy storage system.

To assess the prospects of using a permanent magnet
electric motor instead of the traditional gasoline engine for
small aircraft, it is necessary to carry out comparative analysis
of power unit's data.

- Indicators of specific capacity for modern electric
motors have close values of 8-10 kW / kg which
corresponds to gas turbine units - the best among ICE
in this parameter and much higher than for piston
engines - 2-3 kW / kg. At the same time, the energy
intensity of the sources differs in favor of
hydrocarbon fuels so the field of electric motor
application is limited to a small aircraft. Such engines
are applicable at the required power for the power
unit up to 500-700 kW and are able to replace
gasoline analogues [1].

— One of the most important and indisputable
advantages of the electric motor is the absence of
harmful emissions and hence the ecological cleanness
of transport equipped with electric motor.

The cost of a modern aircraft engine is much
higher/expensive than an electric motor of
comparable power including its operation.

In contrast to the engine, the electric motor power

does not depend on the flight altitude and the engine
torque speed range is almost constant that in some
cases allows us to abandon the use of the gearbox.

The piston engine is poorly balanced in terms of
vibration, which adversely affects comfort, reliability
and fatigue life of the entire aircraft, and it also has a
much lower resource and fail-operational capability
due to much more details [2].

Modern photovoltaic technologies have advanced
significantly in its development and allow the use of
photocells on the outer skin of the wing and fuselage
without reducing their aerodynamic performance and
providing the aircraft with additional energy directly
during the flight.

The electricity price is much lower than for various
types of aviation fuel. The efficiency of the modern
internal combustion engine varies within the limits of
22-30% and reaches maximum in a narrow speed
range for the electric motor efficiency values of 88-
96% is nominal for most operating modes.

Aviation fuel and lubricants are highly fire dangerous
in case of fuel spill. Fire in an airplane is one of the
worst accidents. The causes of the fire can be very
different, but if there is no fuel in the resin, the
probability of a fire will decrease significantly.
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[I. THEORY The assumption is based on the choked gasoline engine in

Caculations were carried out by the example of severai€S€ modes.
existing aircrafts in order to compare the flight characteristics In a take-off and climb mode, the maximum possible
of the aircraft with different types of engines [2]. The engine thrust of the power unit is used in the long-term mode,
calculation was carried out based on the assumption of thehile it remains possible to briefly use the permissible
aircraft weight with different types of the engine. For thisoverload of the engine to reduce the take-off distance or more
purpose the gasoline power unit weight and the fuel systemtensive climb [5]. At cruise flight to ensure maximum range,
were determined from the flight operation manual. Thist is necessary to use the flight mode corresponding to the
assumption allows us to preserve the initial aerodynamignost efficient power consumption and the maximum possible
strength and performance characteristics of the aircraft. aerodynamic efficiency — an indicator characterizing the ratio

The layouts of the elements of the power units are showﬂ‘c the lift-drag polar.
in Figures 1 and 2 [3] As a result of calculating the flight characteristics, the
required power, speed range, climb rate, distance and take-off
and landing speeds are determined [6], [7], [8]. An

approximate quantitative evaluation of these indicators
requires the following initial data:
_— - Geometric parameters and aircraft weight.
| Remured Mems - Power engine and the dependence of the thrust and
propeller efficiency on speed.

- Aerodynamic characteristics: the dependence of the
powered lift coeﬁicientCyaon the angle of attack

ard the polarC,, = f(C,,) .

Required power for level flight.

The required power for established level flight is given by

Fig. 1. Empty Weight formula:
GV
N, = —— 1
| 27(K @
m_ . where G - plane weight, kg;
m  Cable Cxa - .
K= — aerodynamic efficiency:
o)
s’
l\ f(’ ‘ C, 02072 @
L SV

— e The polar that is the dependents,, = f(C,,) in the

Fig. 2. Electrical Solution flight range of angles of attack can be approximated by the

. . equation of quadratic parabola: parabolic drag polar:
To calculate the aircraft energy parameters [4], the en'ureq g P P gp

flight process can be divided into parts: C.= CXmin + A(Cya -B) (4)
— Taking-off
o where CX ~is the minimum coefficient of resistance;

— Climbing min

- Level flight A — drag-due-to-lift coefficient, induced component of
the resistance;

- Push down - o )

) B - the "lifting" polar coefficient is numerically equal to
- Landing C,. at which the minimum aerodynamic resistance is

ya

It is assumed that using power unit based on an electricchieved B # Oonlv for winas with reclined confiauration
motor and energy will be consumed only in the first thre havi .th' f'Iy ith | 9 t 9
stages each of which is considered separately, th@" having thin profile with farge curvature.

characteristic points and flight modes are shown in Figure 3.
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Fig. 3. Characteristic areas and flight modes

As a result of calculations using formulas (1-4) and the Calculation of maximum speed and climb rate.

initial data, the dependenchl,,, = f (V) is constructed in To determine the values of the maximum flight speed and
the expected speed range with some overlap. An example G§imb rate, the dependence of the available propeller power on
shown in Figure 4 speed [3] is spotted on the graph shown in Fig. 2:
P [V
p N, =Ny B oy = (5)
R (¢
where Nevop — total efficiency of the propeller [9] and

. gearbox;

: P, o — Propeller thrust.

: The right point of curve crossindN,,, (V)and N, (V)

determines the maximum speed of level flight.

Climb rate is calculated by the formula:
!

bg s V _ 7aNav - Nreq)
Fig. 4 Required and available thrusts y = G : (6)

The ABC curve corresponds to the established level

flight. Point A corresponds o the minimum spedé In this case, the dependen®g (V) is constructed in the

i ) figure and the most advantageous climb rate is determined, at
Pdnt B corresponds to the best glide speedvgf and the . . )
which the maximum valué/y is reached.

minimum required thrusl?nzi?. The pointC curve crossing of

the required and available thrusts corresponds to the maximum

speedV, ., [1] The takeoff is the stage of the aircraft's movement from the
takeoff run to safe spee¥, = 1.2V, and the heightH,

_The area Iying above the curvABC at each.point of simulated obstacle according to the accepted norms is
which the realizable thrusf? exceeds the required thrust 107m. The basic parameter in determining the take-off and
P is the area of established climb speed. The area lyingnding characteristics of the aircraft is the value of the

req L , X . o
below the curve ABC at each point of which the realizable minimum possible stall speed in the landing position.

thrust P is less than the required thruB},, is the area of
edablished decline.

Determining takeoff and landing parameters.
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Fig. 5 Aeroprakt A-22 required and available thrusts

On a takeoff mode, the lift-off speed, the take-off run and In carrying out this work, an electric drive was selected for
the total take-off distance are calculated, including the take-ofhe Aeroprakt A-22 airplane based on the EMRAX 228 axial
area up to the height , . flux synchronous permanent magnet motor [10] and the

di | hnical . he lift ﬁpower storage device based on a lithium-iron-phosphate
According to general technical requirements, the lift-o battery with a total capacity of 28.8 KWh [11, 12].

speed should be not less ttiaiV/. .

Th | h i TABLE I. POWERUNITS WEIGHT
e run length is:
g Unit Weight, kg
V2 :
L, = 0004 5 to @) Engine 58.3
(2 —f.) Rectifier-regulato 0.2
G Vacuum pum 0.8
where P, — average thrust on take-off run; Overload clutc 17
f, - friction coefficient of the chassis on the runway. Subsidiary generat 3.C
Cooling cove 0.€
After lift-off, the aircraft is accelerated to safe spaéd StesTooeT el o5E
which must exceed the takeoff stall speed by at least 20% teel pipelines of fuel syst T
followed by climb to safe heightl, = 10.7m. Stainless steel exhaust sys 4.c
The air way length of the flight distance: Cylindrical air filter 0.3¢
Single-section radiator with cov 1.2¢
V7 -V?
) +ﬁ Expansion tan 0.1€
Lar = =) 1 (©) Input Receiver with air heat 1.1
ar __
( G K. ) Fuel filter 0.01
ar
il 1 C
The obtained values are used to calculate the engjine Filling Syringe 0.1%
operating time with different power that in turn allows you to  Fuel tank 18
calculate the energy consumption, flight range and energy -
intenSity. Total 90.2%

68



‘ AT'-ANTslg Advances in Engineering Research (AER), volume 157
PRE

180 P\

/N
/ AN

. / \
100

60

20 60 100 140 180
V, km/h

Fig. 6 Dependence of flight range on speed

The power unit weight is composed of the engine's masséise battery charge will be charged by solar energy both during
with the gearbox, propeller and auxiliary units. Table 1 showthe flight and parked aircraft in open areas.
weights of assemblies and units, which can be discarded in

case of the electric motor instead of the internal combustion, SUCh remotorization to a greater extent is applied for
engine. [13] gliders with excellent aerodynamic quality and do not require

high engine power to maintain level flight. This glider is able
Total mass of the power plant was 168 kg, whichto take off independently without using a winch or tow-plane.

corresponds to the mass of the engine Rotax-912 including the

fuel system. Figure 5 shows a diagram of the available ar REFERENCES
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