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SCATTERING CHARACTERISTICS OF Mi-8MT HELICOPTER BASED  
ON MEASUREMENTS OF OBJECT SCALE MODEL IN AN ANECHOIC CHAMBER 

 
In the paper the scattering characteristics estimation for scale model of Mi-8MT helicopter was carried out for 

measurements in an anechoic chamber. The description of the experimental measurement system, the methodology 
of measurement, and the analysis of obtained experimental results are represented. In addition, the features of scat-
tering characteristics are obtained and helicopter design influence are estimated for scattering characteristics of 
test model. The scattering characteristics of the Mi-8MT were calculated numerically also. The calculations are 
based on the integral representations of classical electrodynamics and high-frequency asymptotics of scattered 
fields. These results show an acceptable coincidence between the theory-obtained values and experimental data and 
confirm the ability of using proposed experimental method of scattering characteristics estimation for aerial object 
models with complex shape. 
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Introduction 

Problem statement. Base characteristics calcula-
tion for radar visibility and, particularly, radar cross-
section (RCS) is a difficult problem. The variety of ae-
rial designs, layouts, and materials, consideration of 
helicopter rotors increase essentially the difficulty of 
obtaining scattering characteristics [1]. 

Related works analysis. Development of the 
modern computer technologies allows the direct nu-
merical calculation of Maxwell’s equations and obtain-
ing scattering characteristics of aerial objects with com-
plex shape. All re-reflections between different object 
parts must be taken into consideration. Fig. 1 shows the 
most common EMW scattering ways in a helicopter. 

 

 
Fig. 1. Most common EMW scattering ways  

in a helicopter 
 

Despite the progress in electrodynamic calculation 
methods for object scattering characteristics [2–9] 
whose capabilities increase along with the computing 
technologies, the currently existing calculation methods 
are not yet to replace physical measurements com-
pletely, especially if the object has complex shape as a 

helicopter. Taking physical measurements is crucial, 
especially for verification and improvement of calcula-
tion 
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methods. 
Presently, among the known methods [2; 4; 10; 
he following are most commonly used at this time: 
– RCS ground tests of real objects (specifically, 

measurement systems of 2nd Research Institute of Min-
istry of Defense, Russia; MVG Microwa

p [12], Howland Company [13], USA); 
– scale mode
ber [14; 15]. 
Thus, the problem of accurate obtaining of scatter-

ing charac
nly. 
There
ods: 
– static (a special ground tests, w
led on an elevated rotation tool); 
– flying around the radar that it tracks the target, 

while s
. 
In the flying around radar all tests are carried out 

in the real-life conditions with all essential radar factors: 
actual radar power, the sounding signal type, the signal 
processing method, the prese

l jamming environment. 
However, there are factors that prevent common 

usage of this method: difficulty of the maneuver re-
quired for the proper target probing, inaccuracies in 
determining the probing di

 poor result precision. 
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– areas where the ground surface is not a forming 
factor in the scattered field, i.e. free space areas; 

– areas that use the ground surface as a reflected 
surface. 

The first case involves taking all measures to elimi-
nate the ground reflection, which is achieved by elevating 
both the radar antenna and the target to the maximum 
height possible, and installation of the special screens. 

In the second case, on the contrary, the antenna is 
placed near ground and the target is elevated to the height 
of the first interference maximum. This approach allows 
reducing the testing area size substantially, but usage of 
such testing areas causes difficulties measuring horizontal 
and circular signal polarization, thus such measures are 
carried out in the free space testing areas [16]. 

Anechoic chambers are widely used in scattering 
characteristics obtaining for aerial objects. An anechoic 
chamber is a room with interior surfaces covered with 
radar absorbing material (RAM) to minimize surface 
reflections and create within certain space of the cham-
ber – the an-echoic zone – with a specified  low level of 
reflections, i.e. conditions close to free space testing 
area. An anechoic chamber also allows to make almost 
all types of radio-measurements, specifically obtaining 
antenna parameters, radar target scattering characteris-
tics, aircraft radio facilities testing, etc. In many cases, 
using an anechoic chamber allows to minimize or omit 
field testing completely and save time and funds sub-
stantially. Radar testing an anechoic chamber is com-
pletely free form various natural or artificial jamming, 
that allows to make precise measurement. 

The paper objective is to determine the features 
of scattering characteristics for a scale model of Mi-
8MT helicopter evaluate the impact of the layout and 
design to the test model scattering characteristics, based 
on anechoic chamber physical experiment data. 

An anechoic chamber description 

Physical experiment was carried out in the anech-
oic chamber at Karazin Kharkiv National University. 

Characteristics of the chamber are follows: 
– dimensions of the anechoic chamber with curved 

walls 8,3 × 5,2 × 4 m3; 
– measurement accuracy class – 1, which means 

the chamber was designed for precise radio system 
measurements; 

– inner surfaces are covered with tight-fit 8400 
pyramids made of RAM; each pyramid have height about 
320 mm, nose angle is α=30°. Pyramids of that size with 
incident angles  θ=0…40° give the number of reflections 
no less than 4, and each reflection gives absorbing of  
5…12 dB. RAM is radar absorbent foam glass with elec-
tromagnetic attenuation 2–3 dB/cm for signal frequency 
2375 MHz. Its inorganic composition, low density, closed 
cellular structure of the carbonaceous foam glass ensure 

the stability of its physical features, efficacy and durabil-
ity in a wide temperature and humidity range. High qual-
ity of the carbonaceous foam glass is defined of its closed 
cellular structure that prevents rules out the moisture ab-
sorption and ensures stable physical properties at low 
temperature or high humidity. 

Experimental measuring  
system description 

Fig. 2 shows the layout of the experimental test to 
estimate the scattering characteristics of radar targets in 
the anechoic chamber. Fig. 3 shows the anechoic cham-
ber equipment photos. Fig. 4 shows the photo of  meas-
uring system. 

 
Fig. 2. Layout of the experimental test to estimate  

the scattering characteristics of radar targets 
 in the anechoic chamber 

(1 – chamber walls covered by pyramid-shaped RAM;  
2 – experimental target on the rotation device; 

3 – transmitting antenna P6-23A; 4 – microwave  
oscillator G4-111; 5 – receiving antenna P6-23А;  

6 – voltage ratio meter V8-7; 7 – pulse oscillator G5-63; 
8 – screen; 9 – oscilloscope) 

 
Fig. 3. Anechoic chamber equipment: 

1 – experimental target on dielectric  column  of the 
rotation device; 2, 3 – rotation device indicating  

the model's angular position 
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Fig. 4. Measuring system: 

1 – transmitting antenna P6-23A; 2 – receiving antenna 
P6-23A; 3– pulse oscillator G5-63; 4 – voltage ratio 

meter V8-7; 5 – microwave oscillator G4-111;  
6 – oscilloscope 

 
Experimental target is mounted inside the cham-

ber, on the rotation device that is a single frame contain-
ing the dielectric column rotation gear, rotary tool drive 
for the rotation gear, angular position indicator. 

Rotation device is covered by the same RAM type 
as the chamber walls. 

Microwave oscillator G4-111 is a source of ultra-
high frequency waves with of non-calibrated output 
power. 

Pulse oscillator G5-63 is a source of simple types 
of output pulse pattern and is intended for external 
modulation of microwave oscillations.  

Voltage ratio meter V8-7 is a measuring device for  
ratio of voltage in alternate current, also an amplifier for 
low voltage in alternate current, and as voltage con-
verter with the ability for linear phase-sensitive conver-
sion of these voltages into a direct current voltage, with 
output signal digital indication in some relative units. 
Analogue outputs for alternate and direct currents allow 
to use this device in automatic monitoring system with 
the data recording. 

Measuring antenna P6-23A works at the frequency 
range of 1,0...12,0 GHz and serves for: 

– power flow density measuring; 
– RCS and antenna gain measuring; 
– generating an electromagnetic field with speci-

fied power density, and other antenna measurements. 
The radiation pattern sidelobe is no more than 10 

dB in the operating frequency range. The tripod and 
orientation mechanism enable azimuthal rotation of the 
antenna in 360° range, antenna elevation angle from + 

90° to -30°, rotation angle of polarization plane in range 
from 0° to 190°, smooth vertical change. 

Equipment and antenna calibration was carried out 
using the reference metal spheres (fig. 5) whose radii 
and RCSs are known since a sphere's RCS doesn't de-
pend on radar beam relative position, and is equal to its 
cross-section square in high frequency range. 

 

 
Fig. 5. Reference spheres 

 
The model aircraft's RCS is the oscillating func-

tion of the probing signal's frequency in frequency 
range used for tests. This is determined by dependence 
of phase difference signals scattered by different parts 
of the model's surface from signal frequency, changing 
Fresnel zones on the model's surface sensitive to the 
probing signal's frequency changes [17; 18], and gen-
eral compliance of the equipment used in the modeling 
experiment. Moreover, RCS determination technique 
does not consider such factors as, for example, transmit-
ting and receiving antennas abilities to transmit and 
receive a wave with specific polarization only. In the 
bistatic receiving used in the anechoic chamber model 
experiment, transmitting and receiving antennae's po-
larization does not coincide, thus only a part of the scat-
tered signal would be received, and the obtained RCS 
would be less than the theoretical value, and this fact 
must be taken into consideration [3]. Microwave oscil-
lator power in aggregate with the rest of the equipment 
specs compliance, which is determined experimentally, 
is important for measurement of low- visible model 
RCS.  Therefore, the choice of the probing signal fre-
quency must be determined experimentally in the mi-
crowave oscillator's maximum energy zone to find the 
maximum input signal power. This allows to satisfy the 
requirements to the microwave oscillator power in low-
visible target tests, and to decrease errors caused by lack 
of equipment compliance [19]. 

Scattering pattern measurement 
method for Mi-8MT helicopter model  

in an anechoic chamber 

Mi-8MT helicopter model used in tests  is a plastic 
1:72 scaled model of the real helicopter. Once the 
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model has been assembled (with the exception of the 
glass cockpit enclosure), a 15 micron layer of aluminum 
was applied by means of vacuum plating, which al-
lowed to use the model in anechoic chamber experi-
ment. 

A laser level gage (fig. 6, 7) was used to point the 
antenna directly to the reference sphere center and to 
the target during the experiment itself. The elevation 
angle in tests was -3 degrees, azimuth change step was 
1 degree, azimuth was counted from the object nose (0 
degrees is probing to the nose, 180 degrees is probing 
the tail), wavelength is 3.35 cm. 

 

 
Fig. 6. Laser mark on the target 

 

 
Fig. 7. Laser level gage 

 
The anechoic chamber-based experiment to meas-

ure the radar object scattering pattern was carried out by 
following way. The measuring system equipment was 
turned on and warmed up during 30 minutes to keeping 
equipment stability. Next step was noise level estima-
tion and scale calibration. The tested object was placed 
in the anechoic chamber at the same distance as  refer-
ence scatterers (spheres). The dielectric column with the 
installed target was joined mechanically with the rota-
tion device that allowed to change the asimuthal angle. 
The experimental results were tabulated, averaged out, 
and RCS value was determined. 

After each measurement section the equipment 
was re-calibrated and results compared with received 
earlier, to ensure correct and stable equipment parame-
ters. 

The analysis of experimental results 

To validate the performance capabilities of pro-
posed method [20–24] for calculation of aerial object 
RCS, scattered patterns obtained in calculations and 

experiment were compared for Mi-8MT multi-purpose 
helicopter. 

Experimental measurements for the model Mi-8MT 
were taken at the anechoic chamber described above. 

Fig. 8 shows Mi-8MT RCS experimental data av-
eraged over azimuth 0…360 compared with the calcu-
lated scattering characteristics [20–24]. 

 

 
Fig. 8. Mi-8MT helicopter averaged RCS versus  

probing signal wavelength (λ) (dashed columns are  
calculated data, white column is experimental data)  

 
The experimental value (at wavelength 241,2 cm) 

is closer to the RCS estimate for wavelength 180 cm. 
This fact tells about adequacy of the numerical calcula-
tions. Probing signal wavelength influence on the aver-
aged RCS of Mi8-MT helicopter is not crucial. Thus, 
the good coincide of calculation and experimental data 
(fig. 8) validates additionally the proposed experimental 
method for RCS estimation of aerial objects with com-
plex shape. 

Fig. 9 shows experimental and calculated RCS of 
Mi8-MT helicopter versus azimuth aspect angle. 

 

 
Fig. 9. RCS of Mi-8MT helicopter versus azimuth  

aspect angle (solid line – experiment, 
cross-hatching line – calculation) 

 
The experimental model included the cockpit and 

side windows. Experimental RCS value σ was scaled up 
to the RCS of a real object using the equation: 

2p   , 

where р is the scale factor (p=72). 
The graphs in fig.9 show that for nose azimuths 

there are multiple reflections between control panels 
and the cockpit partition instead of a direct mirror re-
flection. Experimental RCS values have good coincide 
with the numerical calculation data (fig. 9). Some dif-
ferences can be seen for the nose azimuths since the 
model cockpit windows were assumed as an ideal re-
flected surface. 
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Analyzing the obtaining experimental data it can 
be concluded that experimental model RCS value for 
side sounding (azimuth near 90) is lower than for cal-
culation model due to errors in equipment calibration 
for corresponding angles. 

Conclusion

The paper presents the experimental method for 
estimation of scattering patterns of a 1:72 scaled Mi-
8MT helicopter model. The model was made of plastic 
and vacuum-covered with 15 micron aluminium, that 
allowed to use this model in the anechoic chamber ex-
periment. Measurements were taken for wavelength 
3,35 cm. Average RCS values are: for the nose aspect 
angles – 11 m2, for the side aspect angles – 35 m2, for 
the tail aspect angles – 16 m2. Considering similarity 
principle, these values match to the RCS of an real heli-
copter for sounding wavelength at 241,2 cm. Obtained 
numerical calculations show small differences for the 
averaged circle RCS values in SHF and UHF bands. 

Numerical calculation results and experimental 
data have good coincide. Differences between numeri-
cal and experimental data can be explained by using 
perfectly conducting surface for cockpit windows in 
calculation model and some inequality in elevation an-
gles for numerical calculations and the experiment. Dif-
ference occurs at the nose aspect angles due to multiple 
reflections between control panels and the cockpit parti-
tion in experiment and a direct mirror reflection in nu-
merical calculation. Experimental RCS value   was 
scaled up to that of real object with scale factor p=72. 
Experimental scattering pattern is qualitatively similar 
and consistent with the calculated scattering pattern. 

Analysis of the represented dependencies allows to 
conclude that experimental and calculation data match 
is satisfactory. Lower experimental RCS values were 
induced by bistatic reception (with bistatic angle 2,1). 

Good coinciding of calculated and experimental 
data (less than 11%) validates additionally the proposed 
experimental method for RCS estimation of aerial ob-
jects with complex shape. 
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ОЦІНКА ХАРАКТЕРИСТИК ВТОРИННОГО ВИПРОМІНЮВАННЯ 
МАСШТАБНОЇ МОДЕЛІ БАГАТОЦІЛЬОВОГО ВЕРТОЛЬОТА МІ-8МТ, 

ОТРИМАНОЇ ПРИ ПРОВЕДЕННІ ВИМІРЮВАНЬ У БЕЗЛУННІЙ КАМЕРІ 

О.І. Сухаревський, В.О. Василець, І.Є. Ряполов, М.М. Бречка 

У статті проведена оцінка характеристик вторинного випромінювання масштабної моделі багатоцільового ве-
ртольота Мі-8МТ,що отримана при проведенні вимірювань в безлунній камері. Представлений опис експериментально-
го вимірювального комплексу, методика проведення вимірювань і проведений аналіз результатів експериментальних 
досліджень. Крім цього, виявлені особливості вторинного випромінювання і оцінений вплив компонувальної схеми вер-
тольота на характеристики розсіювання досліджуваної моделі. Отримані характеристики розсіювання вертольота 
Мі-8МТ шляхом математичного моделювання із застосуванням методу, який заснований на інтегральних уявленнях 
класичної електродинаміки і короткохвильових асимптоти, що входять до них полів. Представлені результати пока-
зують задовільний збіг теоретичних значень і експериментальних даних і підтверджують можливість використання 
розробленої експериментальної методики для визначення вторинного випромінювання моделей складних аеродинаміч-
них об'єктів. 

Ключові слова: безлунна камера, вторинне випромінювання, діаграма зворотного вторинного випромінювання, 
масштабна модель, ефективна поверхня розсіювання. 

ОЦЕНКА ХАРАКТЕРИСТИК ВТОРИЧНОГО ИЗЛУЧЕНИЯ 
МАСШТАБНОЙ МОДЕЛИ МНОГОЦЕЛЕВОГО ВЕРТОЛЕТА МИ-8МТ, 

ПОЛУЧЕННОЙ ПРИ ПРОВЕДЕНИИ ИЗМЕРЕНИЙ В БЕЗЭХОВОЙ КАМЕРЕ 

О.И. Сухаревский, В.А. Василец, И.Е. Ряполов, М.М. Бречка 

В статье проведена оценка характеристик вторичного излучения масштабной модели многоцелевого вертолета 
Ми-8МТ, полученной при проведении измерений в безэховой камере. Представлено описание экспериментального изме-
рительного комплекса, методика проведения измерений и проведен анализ результатов экспериментальных исследова-
ний. Кроме этого, выявлены особенности вторичного излучения и оценено влияние компоновочной схемы вертолета на 
характеристики рассеяния исследуемой модели. Получены характеристики рассеяния вертолета Ми-8МТ путем ма-
тематического моделирования с применением метода, основанного на интегральных представлениях классической 
электродинамики и коротковолновых асимптотик входящих в них полей. Представленные результаты показывают 
удовлетворительное совпадение теоретических значений и экспериментальных данных и подтверждают возмож-
ность использования разработанной экспериментальной методики для определения вторичного излучения моделей 
сложных аэродинамических объектов. 

Ключевые слова: безэховая камера, вторичное излучение, диаграмма обратного вторичного излучения, масштаб-
ная модель, эффективная поверхность рассеяния. 
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