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BucnoBok. Yepe3 aHIi30TpONMHICTh AeTanell HaapyKoBaHMX Ha 3J] mpuHTEpi, € BaKIMBUM
MIPOBOJIUTH €KCIIEPUMEHTH JUIS 3pa3KiB 3 PI3HUM pO3TAallyBaHHSM ImapiB. SIk Gaumumo asist 3pas3KiB

BITOTIEPEK (IPYK CTOSYM) MOJYJIb IPY>KHOCTI Tasiae B 1,2 pa3u B MOPiBHSIHHI 3 3pa3KaMH B3I0BXK.
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Introduction. Flight loads exhibit a stochastic nature, characterized by significant dispersion
of individual loading, a pronounced asymmetry in the spectrum with a notable predominance of
positive loads, and variation in the load spectrum during operation. Understanding the correlation
between load factors, categorized into three components (X, Y, Z), and the deformation parameters
of the aircraft structure is significant for comprehending overall aircraft loading during flight. The
measured sequence of load extrema during operation allows for determining the repetitiveness of G-
Forces by counting the number of load cycles on average per hour of flight. Researcher Christian
Raab paid considerable attention to the issue of similar load studies (flight load studies using

MEMS pressure sensor technology) [1].
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The aim of this study was to develop an accessible flight model to collect information on the loads
and deformations of the aircraft structure in flight. To achieve this goal, a foam toy glider was chosen
due to its favorable aerodynamic characteristics and robust design to resist shocks and impacts.

Materials and methods. An Arduino based system was developed to collect data on the G-
Force and deformations in flight. Components include: an Arduino Nano, an ADXL345
accelerometer, two HX711 modules, a microSD card adapter, a microSD card, 8 strain gauges and a
lithium-ion battery (9V). Placed on the airframe in strategic locations: the front of the fuselage,
centre of mass, wing and stabilizer. The Arduino Nano, located at the front of the fuselage, controls,
processes and writes data to the microSD. A microSD adapter and two HX711 modules amplify the
strain signals. The strain gauges (8 in total) on the wing and stabilizer form Wheatstone bridges,
changing the resistance during deformation. A lithium-ion battery and ADXL345 in the centre of
the fuselage keep the aircraft balanced and measure acceleration on the ground. The integration of
the battery ensures that the centre of gravity is not displaced, maintaining flight characteristics. The
accelerometer is located above the battery for precise orientation in space.

Results. Test flights were carried out with further analysis of collected data of structural
deformation versus G-force. They reveal increased deformation during abrupt directional changes and
steep maneuvers, with decreases during smooth, straight flight. These findings aid in assessing aircraft

structure strength, offering insights into surface deformation during flight crucial for aircraft design.
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Fig.1. Schematic diagram of the in-flight data monitoring system

Conclusion. The correlation between load factors and deformation of the aircraft structure
shows that using a toy foam glider equipped with an Arduino-based system may successfully collect
in-flight load and strain data, revealing trends in increasing strain during dynamic in-flight
manoeuvres. This data provides valuable information for assessing the strength of the aircraft

structure and justifying design decisions for future aircraft models.
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Fig.2. Flight data
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Kitouogi cnoBa: ciadaiip, KOHCTPYKIIisl, MOJIENb, (PIO3EISIK.

Mogens bpurancbkoro BuHHIyBaya crifdaiip. 3a CBO€I0 KOHCTPYKII€IO 1€ OHOMOTOPHUN
MOHOIIJIaH 3 HU3bKO PO3TAIIOBAHUM EJIINTHYHUM KPUIIOM.

JloHXkepoH BHUKOHaHUN 3 JOyOOBOi CMYXKHM TOBIIMHOIO 3 MM, 22 HEpBIOpU Ta €JIEPOHU
BHUTOTOBJICHI 3 0aib3u, a OOIIMBKA 3 MEPraMeHTy, 110 3a0e3Meuy€e 0JJHOYaCHO MIIHICTh Ta JIETKICTh
KOHCTpyKIii. Dro3e/smk Takok 3pobneHuil 3 Oanb3u, (aHepu Ta AEpeB'sTHUX PEHOK 1 € JIOCUTh
JeTKUM Ta MIIHUM. XBOCTOBE omepeHHs 3pobsieHe cyuinbHO 3 JIBII (1lepeBUHHOBOJIOKHUCTA
muTa). Takok NesKi YaCTHHU BUKOHAHI 3 TMIHOIUIACTY, a/pKe BOHU MAalOTh CKIAgHy (OpMy Ta HE
HECYTbh BeJIMKOro HaBaHTakeHHs. [llaci 3pobneHe 3 miIacTuky Ta MilHOI TYMH 1 4epe3 MaJl po3Mipu
MOJieTli He TMPUOUPAETHCS, CTIHKM Iaci 13 MeTaJeBUX CHUIlb, SKI PO3TAIIOBaHI MiJ] HE3HAYHUM
KyTOM 1 € OTHOYACHO MPYXHUMU 1 MiLIHUMH.

Jlom>xepoH BHWKOHAaHWN 3 JyOOBOi CMYKKH TOBIIMHOIO 3 MM, 22 HEpPBIODH Ta EJICPOHH

BHUT'OTOBJICHI 3 OaJIb3H, a OOIIMBKA 3 TIEPTaMEeHTY, 10 3a0e3Meuye OJHOYACHO MIIHICTh Ta JIETKICTh



