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OPTICAL FIXING FEATURES OF CRACK INITIATION MOMENT
DURING BENDING FATIGUE

The article contains a method for fixing by camera the moment of fatigue crack initi-
ation during specimen lateral bending cycle loading.
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Introduction. The damage tolerance principle is used in the design of modern
aircraft [1]. Such approach is based on the fact that defects are present both in new
constructions and in those that are already in operation. Therefore, at the stage of an
aircraft design, the possibility of damage and / or fracture of any element is expected,
but without loss of structure bearing capabilities that can lead to catastrophic conse-
quences. The focus is on crack initiation and propagation. Taking into account the
methods for its state controls during operation and repairs each critical structure ele-
ment has determined maximum size of flaw that can remain undetected that lead to a
critical consequence. Therefore, the fatigue crack growth rate is one of the main indi-
cators that determines the aircraft structure safe operation possibility for some opera-
tion period [2].

Study of crack propagation in laboratory makes possible to specify models that
describe the fatigue crack growth in aircraft structures [3]. For this purpose, can be
used both ordinary optical control devices and special non-destructive (X-ray, eddy
current and ultrasonic detection, etc.) methods of defectoscopy.

Object. To develop a valid method for detection of fatigue crack initiation during
bending cycle loading.

Results. For capturing the crack initiation specimen from the aircraft construction
alloy D16T were used. To localize the area of fatigue crack initiation stress concentra-
tor was made in the form of a lateral half-hole (fig.1).
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Fig.1. Geometry of specimen to research nucleation of fatigue cracks

The surface of the specimen was painted black by permanent marker, thus paint
applied evenly and uniformly. The purpose was to highlight the place of flaw due to
the contrast of painted black and silver aluminum alloy surface, which can be ob-
served during crack propagation.

Fatigue bending tests during symmetrical load cycling were carried out at the fa-
cilities that had been developed in the laboratory Aircraft Design Department of Na-
tional aviation university.
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The specimens were captured by DSLR camera Canon EOS 550D, which was in-
stalled separately on a tripod to prevent the negative effects of vibration from the test
facility.

To zoom in the specimen in image there were used macro extension tubes (fig.2)
designed for macro photography. Considering that the minimum focal length of the
lens is 28 mm, three macro extension tubes with a total length of 62 mm has made
possible to increase the magnification ratio to 2.5: 1. It should be noted that the maxi-
mum scale of the camera lens is 3.8: 1. Thus an overall increase 9.5: 1 was obtained.

Fig. 2. Macro extension tubes

The main advantage of macro extension tubes that they do not have lenses in the
design, which can lead to the image distortions. The significant disadvantage of usage
is their effect on the relative aperture reduction during shooting, which reduces the
aperture ratio of the lens. Therefore, it is necessary to highlight additionally the focus-
ing point. For this were used LED CREE XM-L2 (2) (fig. 3) with maximum luminous
flux that is equal to 800 lumens. During operation the LED heated up considerably, so
for heat exchanging LED was installed on the radiator (3) with air blowing over it by
blower (1).

The camera was initially configured to trigger every 4 seconds. However, the im-
ages processing showed the difficulty of analyzing the cracks initiation and propaga-
tion due to the different position of the specimen at the moment of photo-capturing
and in most cases the specimen was in the position of the test surface under compres-
sion. To capture the crack in the best possible position of the specimen (the maximum
bending of the specimen in the opposite to camera direction provides wide crack open-
ing), the test facility was improved.

The positional sensor switch (7), an optocoupler with interrupter configuration,
was installed at the facility (fig. 3). It consists of infrared LED and a phototransistor
that are located opposite to each other. Determination of the actuator position estimat-
ed by the light flux breaking during the passage of the interrupter between the source
and sensor. A high-frequency optocoupler with 10 MHz frequencies transmitting sig-
nals was installed at the facility. A metal plate (6) is attached to the loading carriage
(8) as a signal breaker. The signal is interrupted at the optocoupler during translational
movement of the actuator with the carriage in the left extreme position.
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Fig. 3. General view of improved test facility: / — blower; 2 — LED; 3 — radiator;
4 — camera; 5 — microcontroller; 6 — interrupter; 7 — optocoupler; § — loading carriage

Then the signal from the phototransistor was transmitted to the Arduino - a board
with an ATmega328 microcontroller (5). When the receiver detects incoming light
from LED, the electric current flows and generated HIGH output signal, when the
LED is blocked, the current will not pass through the phototransistor and in this case,
will generate LOW output signal. These signals are further used in the program code
that is downloaded to the ATmega328. The general scheme of optocouple and camera
to the Arduino connecting is shown in fig. 4.
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Fig. 4. Camera controller circuit diagrams

From the Arduino the signal goes to the transistor that transmit the signal to the
camera without voltage transfer, and provides non-contact control. Program sent sig-
nal to the camera every two hundredth cycles (interrupts) on the optocoupler. Thus,
photographs were obtained at the maximum deviation of the specimen with the maxi-
mum possible crack opening.

Image processing was carried out in three phases: selection and cropping of study
area, stabilization of pictures, cracks detection. These processes were implemented in
the Matlab software environment.

At the first stage, cropping of photographs is carried out in order to localize the
study zone. Matlab program represents full-color images in the form of an array, each
element of which corresponds to one pixel and is determined by a combination of red,
green and blue color intensity [4]. The pictures were taken on an 18 MP camera with a
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picture resolution of 5184 x 3456 pixels. Thus, cropping has reduced the size of the
matrix, thereby the efficiency of processing increased.

For crack detection it is important to fix study area of the specimen in one posi-
tion. Due to the large vibrations of the test facility and the stationary placement of the
camera on a tripod, angular and horizontal movements occur, which are compensated
by stabilization applying. The algorithm of last provides pair wise frame
comparison [5]. From both frames collecting points of interest, selecting likely corre-
spondences between them and performed alignment. For processing time reduction,
the full-color photos were presented as grayscale, since the color for the stabilization
algorithm is not important.

A crack detection was performed by subtracting a photograph (data array) with a
crack from a photograph (data array) without it. After that the resulting data array is
again presented as grayscale in the range from 0 (black) to 1 (white) [6]. The results
are shown in the photographs (fig. 5-7) where (a) not processed photos, (b) processed
using the described above method.

. il ; b ,
Fig. 6. Minimum recognized crack length 0.12 mm

Fig. 7. Crack length 0.4 mm

Fig. 8. Crack propagation
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Figure 5 shows a photograph of the specimen before testing, which indicates the ab-
sence of cracks. Minimum recognized crack length was 0.12 mm (Fig. 6). This meth-
od allowed to reliably detect a crack length equal @,,=0,4 mm (Fig. 7).

Conclusions. Based on the proposed method of capturing and image processing it
is possible to reliably detect the crack initiation length 0.4 mm during bending cycle
test using non special research devices.
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C. C. IO[IKEBHY, I. I. JUKABAJTOBA, M. JT. MA3YP

OCOBJIMBOCTI BUBHAYEHHSA MOMEHTY YTBOPEHHS BTOM'HOT
TPIIIUHI ITPU 3 THI OIITUYHUMU 3ACOBAMHU PIKCAIIIIL

OnHuM 13 BayKJIMBUMH HampsiMOM BHMBYCHHS NpOLIECY BTOMH aBiallifHUX KOHC-
TPYKLIH € ZOCHiIKEHHS 3apO/DKEHHS TpilKHU. B mepury yepry e o0yMoBIeHO TUM,
IO Cy4yacHi aBialliiiHi KOHCTPYKLii CTBOPIOIOTHCS 33 MPUHIMIIOM IOITYCTUMOIO IOLI-
KOIDKEHHSI, SIKUM nependayae MOXKIMBICTh €KCIUTyaTalii MOBITPSHOTO CyAHA 3 HasB-
HUM TIOIIKO/DKEHHSM IPU YMOBI, 110 TaKe MOLIKO/DKCHHS B iHTepBajlaX MDK IJIaHO-
BHMH PO0OTaM 3 TEXHIYHOrO0 OOCIYroBYBaHHS HE PO3BHHETHCA 10 KPUTHYHOIO 3Ha-
4yeHHs. 3apa3 iCHye 0araTo pi3HOMaHITHHMX METOAIB KOHTPOJIO BTOMHHX TPIillMH:
aKyCTUYHHM, MarHITHUH, eIeKTPOMAaTrHITHUH, pamianiitHuii, ontuaani Ta iH. KoxxHuit
METO/ MAa€ CBOi IepeBary Ta Hegomiku. [ ZOCHimKeHHs] MOMEHTY YTBOPEHHS BTOM-
HOI TpIiKHI B CTaTTi OYyJI0 3alpPOIIOHOBAHO METOAUKY ONTUYHOI (hikcalii 3 BUKOPHUC-
TaHHsM 1u}poBoi doroanaparypu. st BupimeHHs mpoOieMu 301TbLICHHS MPOSBY
BTOMHOI TPILLIMHM Ha MOBEPXHi 3pa3Ky OyJ0 3alIPOMOHOBAHO BUKOPUCTAHHS YOPHUIIb-
HOI'O TEPMaHEHTHOI'O MOKPHUTTS Ta BHKOPUCTaHHSA LU(POBOI OOPOOKM OTPUMAaHHX
300pakeHb 3a BINMOBIIHUM aNTOPUTMOM. B pe3ynbTaTi BTOMHUX JOCIHIHKEHb JJIS ITi-
IBUILEHHS edekTuBHOCTI (oTodikcanii TPILIMHU MPOMOHYETHCS BUKOPHCTOBYBATH
MiKpOKOHTposiep Arduino, SIKuil JO3BOJISIE CHHXPOHI3YBaTH MOJIOKEHHS 3pa3Ka y Haii-
OUTBIII BiIXHUIICHOMY TOJIOKEHHI, IO BIAMOBITa€ MAKCUMaTbHOMY PO3KPUTTIO TPIlllHU-
HU 13 poOoTOor0 3aTBOPY 00’€kTHBaA (oToanapaTy. [Hima cyrTeBa nmpobiema, Ky BHpi-
LIyBaJIM IPY BUKOpHCTaHHI (oTodikcanii Oyna BiOpawis cTeHAy i3 3HAYHUMHU KOJIH-
BaHHSIMHM 32 aMIUTITYAOIO NIPH 3aJaHOMy 301NbIIeHi 00’ ekTuBy Kamepu. s 3abe3ne-
4yeHHs crabinizanis ¢ororpadiii Oyyio 3acTocoBaHO anropuT™M y cepenosuiii Matlab,
SKUW 301HCHIOBAB BUPIBHIOBaHHA (POT0300pa’keHb MO BIAMIOBIIHUM XapaKTEPHUM TO-
YKaM Ha TIOBEPXHi 3pa3Ka.

3anponoHoBaHa aBTOPaMU METOAMKA ONTHYHOI (poTrodikcamii 3apoKeHHST BTOM-
HOI TPIIMHU € e)eKTUBHUM CHOCOOOM BHPILIEHHS MOCTaBJIEHOI 3ajadi i3 3acTocy-
BaHHSIM HenpogeciifHOro Ta HeAOPOroro o0Ja HAHHSL.

Kntouoei cnosa: BTOMA; BTOMHA TPINIUHY;, HEPYHHIBHI METOOM KOHTPOIIIO;
Arduino.



