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Abstract

This study presents a measurement method of fatigaek length for
compact tension specimens (hereinafter called gu€dd for the determination
of a material fracture toughness and for fatigwaekmgrowth rate tests. For this
purpose, FatigueVIEW consisting of two high-resolot video cameras,
completed with a dedicated software, has been uisextder to detect a fatigue
crack in a specimen of the CT type and to moniwidangth, in the function of
the number of load cycles, a method of digital imagrrelation has been used.
The applied research-measurement system enablepénation control of the
machine for fatigue tests in relation to the crégth, e.g., through stopping
the cyclically variable loading after the specimmeaches the intended length.
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Introduction

The development of the aviation and aerospace indus closely
connected with progress in the production of stmadt materials. Service
conditions of aviation structures involve the nadgsto use materials
characterized by many specific qualities includitigpse that meet high
standards in terms of mechanical properties to leorapanied with
a simultaneously small mass. An additional probismn many cases, a wide
range of operating temperatures affecting the 8iras. For instance, for
materials used for aircraft skin, the temperatua@ cange from -200°C to
+400°C.

An example of an innovative approach to the devekqu of structural
materials designed for operation in challengingditions is the application of
composite materials [6], including multi-layer oremsisting of different metal
alloys [1] or metals and ceramics [7] with categallydifferent mechanical
properties.

New types of materials require a verification & ihechanical properties
including ballistic resistance, fracture toughness,well as fatigue strength.
Tests of the two latter properties involve usingnpact specimens of the CT
type when it is necessary to determine the lenfgifatmue cracks.

Fracture toughness tests involve the generatioma édtigue crack with
a special length defined by the requirements opeeive norms [2, 3, 4]. In
turn, tests of fatigue crack growth rate need t@ilmvided with the possibility
of relating the length of crack with the numbeiazding cycles.

There is a variety of methods for the measuremettieolength of fatigue
cracks. They have been discussed in many publitatiacluding works [8, 10,
12, 13]. However, only few of them provide the pbsisy of monitoring the
crack during fatigue that includes methods basedoptical measurement
techniques [11, 14].

However, optical measurement of a fatigue cracktlerof a multi-layer
material is difficult due to the non-homogeneitytloé material and the image of
specimens is often different on the opposite sadéBe specimens.

Therefore, the presented method uses separate nimgasystems for each
side of the specimen. The operation of this metieslbeen demonstrated with
the use of CT specimens prepared for tests of ageréd material fracture
toughness.

1. Research object

The research object was an explosion welded Adyeited material whose
base components were AA2419 aluminium and Ti6Al&8ntum alloy. An
image of a fragment of a metal sheet that was @sedpecimens for tests is
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shown in Figure la. The direct connection zone afemials is of a complex
structure due to the used welding method, whigh@swn in Figures 1b and 1c.
Figures 1b and 1c show additional material, whilsupposed to improve the
quality of the weld.

For this purpose, aluminium alloy AA1050 was usHae basic mechanical
properties and the chemical composition of the basaterials are shown in
Tables 1 (aluminium alloy) and 2 (titanium alloy).

Fig. 1. Al/Ti layered material made by explosiveldirg: a) general view, b) microstructure,
c) connection zone

Table 1. Selected mechanical properties and chiecoiggoosition of aluminium alloy AA2519 [9]

S S E Hardness
MPa MPa GPa HRC
460 485 73 23

Al Fe o Ti V Cu
90 0.3 0.05 0.1 0.15 6.4

Table 2. Selected mechanical properties and chéroaraposition of titanium alloy Ti6Al4V
after the high temperature treatment [9]

S Su E Hardness
MPa MPa GPa HRC
950 1020 120 33

Ti Fe ¢] Al V Cu
90 0.25 0.2 6 4 0.05

The determination of the fracture toughness ofcihresidered material was
performed with the use of CT specimens. The dinmerssof the specimens were
consistent with the requirements of ASTM E 399 naaithough it needs to be
noted that the ratio of metal sheet (B) thicknes8 (hm) to characteristic
dimension (W) was 0.25. Before specimens were auibthe metal sheet, it
was subjected to thermal treatment in order toiotata optimal state of internal
stress and an improvement in the aluminium alloy&chanical properties. It
should be noted that high temperatures had notedfetitanium at all.

Cutting out specimens from metal sheets was peddrby means of wire
electro discharge machining EDM. The application lmfass wire with
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a diameter equal to 0.2 mm made it possible toigeothe notch root curve
radius with a value not higher than 0.12 mm. Miiation of the notch root
radius was supposed to provide the fatigue crackggation with appropriate,
from the point of view of the tests, direction, tthig, along the line of the
minimum cross-section and parallel to the specieuge.

The basic dimensions of specimens used for the aestpresented in Fig. 2.
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Fig. 2. CT specimen used in the tests

2. Research method

The generation of a fatigue crack in CT specimeas performed with the
use of a hydraulic machine for fatigue tests, is8501. The specimens were
loaded with a force with a constant amplitude tog walue of stress ratio R
close to zero. In order to avoid ‘loosening’ of thgecimen in the grips, the
minimum force value was used which was not highant0.15 kN.

Two independent optical measurement tracks were imsehe assessment
of the crack. For this purpose, a FatigueVIEW gysteas adapted [5]. It was
developed in the Institute of Maintenance TechnglodNational Research
Institute in Radom in cooperation with the UTP Umsity of Science and
Technology in Bydgoszcz. In its basic configuratitdme FatigueVIEW system
makes it possible to observe the research objentdans of two video cameras
to observe the surface of the same fragment aslapmee for this purpose.
Application of two video cameras is supposed tdEndD analyses or increase
accuracy of 2D analyses.

Hardware modification of the system involved an eesion of the
positioning system of one video camera that enasilesitaneous observation
of two sides of the specimen during a fatigue tAstnodified FatigueVIEW
system was integrated with a fatigue machine usipecial software, which
enables an analysis of images of the specimenfayrthe control of the
machine operation, and recording the tests results.

Measurement of the fatigue crack length is perfatrbg an automatic
analysis of displacement maps determined by thehadebf digital image
correlation (DIC). Gradients of crack displacementthe direction of the force
loading the specimen was used to make an analyfiee @ctual location of the
crack tip.
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A standard COD extensometer was used in the fatigses for the
measurement of the fatigue crack opening. It waspaesed to provide the
possibility of a further analysis of the crack ojpgnmeasurement results for the
determination of the actual lengths of fatigue ksac

A test stand with the tested specimen and exterisoimeresented in Fig. 3.

Camera with lens and illuminator

Extensometer COL

Fig. 3. Measurement stand

3. Crack detection

For tests whose aim was to generate a fatigue evdhla definite length in
CT specimens, the research system operated inctdeteode. It involved
indicating the location of a boundary line in tiEesimen’s initial image, which
cannot be crossed by the crack. In Figure 4, itbmseen as a red vertical line.
The system operator indicates the field of analysisvhich the gradient of
displacement is analysed and the actual positiorthef crack tip can be
determined.

When the crack tip crosses the line, the softwaenerates an
announcement on the screen and stops the fatigue te

Actual line of crack tip Boundary crack tip line

Area of displacemént analysis

Fig. 4. Example images of the specimen in differstiaiges of the test with a marked field of
analysis and the positions of the actual cracklamdhdary line of the crack tip
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Application of two separate measurement tracks ledalkimultaneous
analysis of the crack tip position on the side lofranium alloy and the side of
titanium alloy, which is shown in Figure 5.

a) Actual line of crack tip

Fig. 5. Example images of the specimen with magesitions of the crack tip: a) on the titanium
side, b) on the aluminium side

Application of the discussed method allows one \toidh situations when
the crack length crosses the required length onsiohe of the specimen. The
character and fatigue life to crack initiation fdifferent base materials can
result in crack lengths different on the side dhrtium and the side of
aluminium, which is depicted in Figure 6.

Crack line Aluminium

Notct root line Titanium

Fig. 6. Examples of cracks of specimens with visiblack lines on the side of aluminium alloy
and titanium alloy

4. Measurement of crack length

Determination of the crack length as a functiothef number of cycles can
be performed in two modes: during a fatigue test lagsed on recorded images
of the specimen surface after finishing the tesbdth cases, the algorithm used
for analysis of the images is the same as in the ofa crack detection.



3-2016 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 23

Figure 7 presents changes in the crack length fOif especimen on each
side, i.e. for the aluminium alloy and titaniumogll Additionally, in Figure 7,
there are changes in the crack opening measurdtellyOD extensometer.

21 0.25

19 - *  aluminum . °

| e titanium . ¢ . o

17 4 =-=-- initial crack length e .n ’

L]
= . COD . * * n
3 15 - .« * «* s =
=] . 015 =
= [l . o * ‘ n ’ a
Ei.l 13 4 e ® ® . o ] [
T « ** . * s M " o
; 11 - . ® . . ® bl - ] 0.1 &
; _._._ ________ ‘_._._:_. _____ l—.—- ______________
g 9 cm )
S R 0,05

- am"

7 cmms "o |

5 T T T T T O

15000 20000 25000 30000 35000 40000 45000
number of cycle

Fig.7. Changes in fatigue crack length as a functibthe number of load cycles for titanium
alloy and aluminium alloy

In Figure 7, the initial crack length is markedwit horizontal line, which
is the distance from the centre of the hole in agp&cimen to the notch root
where the crack is initiated.

A simple comparison of the changes in the cracigtlenfor the aluminium
alloy and the titanium alloy allows one to indicatelifferent number of cycles
needed to produce the specimen crack initiatiothénnotch root and different
fatigue crack growth rates of its base materials.

The value of crack opening displacement can be tdisedarack length
measurement by compliance method. Values of cracgth determined with
the use of described method will be a next stegnafysis.

Conclusion

This work presents a method for an automatic aislgs fatigue crack
lengths in specimens of the CT type used for tefstee fracture toughness and
the fatigue crack growth rate of the Al/Ti layemadterial.

The developed method enables independent and aimeolis measurement
and monitoring of the specimen crack length on bsittes, i.e. for the
aluminium alloy and for the titanium alloy.

The software which uses the developed measurensthibohallows one to
control the operation of the fatigue testing maehimhich enables, among other
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things, automatic stopping of the machine operatithout the intervention of
an operator.

Automatic control of the fatigue test allowed prepg specimens with very
similar crack lengths. An analysis of the crackglbnon the fractures of CT
specimens revealed that the expected crack lenggh2® mm, and the standard
deviation of the averaged length was 0.32 mm thiougtheir thickness.

Crack length measurement with the use of the dptighod will be used
for the calibration of the compliance method foaakr length measurement in
cryogenic conditions.
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Metoda pomiaru dtugosci pekniecia w probkach zwartych typu CT
wykonanych z materiatu warstwowego AL/TI

Stowa kluczowe

Pekniecie zmeczeniowe, mechanika epania, probka zwarta CT, cyfrowa
korelacja obrazu, optomechatronika, system Fati¢f X/

Streszczenie

W artykule zaprezentowano metodpomiaru diugéci pekniecia
zmeczeniowego w prébkach zwartych typu CT stosowangehwyznaczania
odporndci materialu na ¢kanie i w badaniach pdkosci pekania
zmeczeniowego. Do  tego celu zyto systemu FatigueVIEW  ze
zmodyfikowanym uktadem pozycjonowania dwoch kamer wysokiej
rozdzielczdci, uzupetnionego dedykowanym oprogramowaniem. Wu ce
detekcji gknigcia znmgczeniowego w probce typu CT oraz monitorowania jego
dilugasci w funkcji liczby cykli obcizenia zastosowano metodcyfrowej
korelacji obrazu. Zastosowany uklad badawczo-pomgr umaliwia
kontrolowanie pracy maszyny do badameczeniowych w zaleosci od
dhugcsci pekniecia, np. poprzez zatrzymanie cyklicznie zmienneboigzenia
prébek po uzyskaniu przezkmiecie zalaonej dlugdci.








