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ABSTRACT. The observation of cracks which curved crack pa#is to be done
optically. It is shown that a modified commerciak bed scanner and a combination of
high-resolution scanner camera system with 10,000,R00 pixels with telecentric lens
are appropriate for high-resolution (up to 8 umixél) optical registration of multiple
crack ends on sample areas up to 210 mm x 290 rhenrégistered high-resolution
images are suitable for determination of crack lndt is also possible to measure
crack paths or geometrical crack tip parameters atrain fields by image correlation.
The method is used to determine crack resistandeceatk growth curves on CCT- and
biaxial cruciform samples.

INTRODUCTION

For fracture mechanical investigations it is impattto measure the propagation of
cracks. The direct optical observation of the criacthe safest measurement method to
determine the position of the crack tip and to glae the crack length. Nevertheless, it
can hardly be automated and the detection of saf@hges in crack size needs high
magnification. Therefore, in the past indirect noelh has been developed. Among these
the potential drop method where the electric pakmiver the crack tip is measured
while a constant currend is sent through the sanspledely used. Another common
method is the measurement of small changes imesi#f of the sample (compliance
method). These methods are well established fodata testings in particular because
its signals are recordable easily. Each methodthasvn additional sources of error -
for instance the local change of electric conduistiby plastic deformation. In addition
these indirect measurement methods for crack legigehonly a projection of the crack
length. Changes in crack direction are not deteeohiiso the most standards demand a
calibration of these methods with optical measurgsm@nd give restrictions for the
tolerable change of crack direction such as [1].

The optical crack observation is usually done Ilfyideo-) microscope which can be
moved by linear actuators with integrated lengthasuseement system. For the
measurement the test is paused, the crack tipigusiare located and measured with
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the microscope. With this method it is possibl®bserve cracks on curved paths [2] or
to measure geometrical crack tip parameters likecthck tip opening angle (CTOA) or
s which are used especially for testing plates vatv constraint [3,4]. The major
problem to automate this procedure is that a sglh@ crack tip detection within a
digitalized picture is up to now not reliable. So@perator has to be present during the
whole test. To overcome this, the complete aremtefest should be saved in a high
resolution picture. The main handicap of the exgspractice is the small image section
which can be viewed in a high magnification.

MODIFIED FLAT BED IMAGE SCANNER FOR CCT-TESTING

A commercial flat bed scanner with CCD line senrG&NON Canoscan 4200&hich
gives a resolution up to 3,200 dots per inch waslifieal for the high magnification
observation of areas up to 210 mm x 290 mm. Theifications consist mainly of the
removal of the transmitted light unit together witle cover. For the vertical usage
reinforcements of the body with fixing holes wedapted. The frame of the glass pane
was changed that the latter can contact directy specimen. The distortion was
determined by measuring a sheet of millimeter papgainst the coordinate
measurement table to be smaller than 0.02 mm.

Sample applications

Measurement of cyclic crack growth curves using €pé&cimen

The tests were done using CCT-Samples (400 mm xme0x 5 mm) made of
aluminium alloy 7175 in T 7451 condition with a 3™EDM starting notch on a

Figure 1. Test set-up with modified flatbed scararet 160 mm CCT-sample

832



servohydraulic universal testing unit MTS 880. Feglt show the test set-up.

Crack growth curves were performed in load-conivith a constant stress range of
90 MPa and a stress ratio R = 0.1 at a frequen@yH. The measurement areas of the
samples were polished mechanically. Crack lengimfthe compliance measurement
and cycle counter was used to trigger to take &umEc When the calculated crack
extension from the compliance measurement exteiddédnm or the cycle counter
exeeded 2,000 cycles the test was interrupted goictire of the defined measurement
area (165 mm x 32 mm) was taken at a resolutioB,290 dpi. The freeware script
interpreteruncmdwas used to automate the control of the scannifiggae. With this
script also the sample identification and the datyele counter or servo cylinder stroke
were included in the file name of the picture. Theasurement of crack length was
done with the free available image processing systeageJoffline after the test. In
this procedure the crack tips were marked by h&iglure 2 shows an image of a
160 mm CCT sample with two crack tips of each apjpnately 50 mm in length. A
magnification of the right crack tip from the samieture is shown in Figure 3. In a
direct comparison there was no significant diffeenbetween the scanner
measurements and a measurement with video micresé¢agure 4 shows a typical
crack growth curve measured with this set-up. Tymcal scatter of fatigue crack
propagation measurements with the secant methodeamoothed using the 7-point
polynomial method according to ASTM E 647-08 [1].

Figure 2. Picture of the measurement area of ad®0CCT sample

Figure 3. Zoom of Figure 2
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Figure 4. Typical crack growth curve

Measurement of crack resistance curves using CELiBgen

The measurement of crack resistance curves is idoasimilar way. After precracking
the sample by fatigue load two hardness indentatweere inserted in 2.5 mm distance
to the crack tip. During the static test a tensdlad was applied by cylinder stroke
control. Every 0.1 mm enhancement the test waspstbgo take an image of the
measurement area. The crack extension and the neoweshthe hardness marks were
measured in the pictures. Figure 5a shows a progagaack tip and Figure 5b shows a
crack resistance curve measured with this set-up.
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Figure 5a. Crack tip with hardness inderigure 5b. Crack resistance curve — opti-
tation for optical & measurement cal crack length an8s measurement with

flatbed scanner
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Measurement of crack path
The system was also used successfully for the rdetation of curved fatigue crack

paths under biaxial planar load. Figure 6 showd sugath starting on an excentric
notch in Y-direction while the load ratio betweére toading axes was= F / i = 2.

To determine the crack growth rate the test wasriapted to mark the crack tip
position on the sample and to record the relatetdecyounter. After finishing the test
the measurement area was machined out of the samglscanned. The crack path and
the crack growth rate were measured in the image. imvestigated crack paths had
good accordance to curves predicted with the PCO&EA Program [2].

Figure 6. Crack path under biaxial loads Fx / Ry = 2

MEASUREMENT ASSEMBLY WITH CAMERA SCANNER

Especially the small amount of depth of focus lgtite usage of the flat bed scanner
system for instance, if anti-buckling devices asedior if samples for biaxial crack

growth tests with reduced thickness in the midakaaare investigated. This kind of

sample is shown in Figure 7.

Figure 7. Biaxial planar samp for fracture mecbsaimvestigations fixed in test rig
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To enhance the field of application for such casesystem with a camera scanner
Pentacon SCAN 6006 used. It consists of a 40 mm trilinear CCD hwigich is moved
over an image field of 40 mm x 40 mm. Pictures vdthesolution of up to 10,000 x
10,000 pixels can be taken from this area. The sicam for the whole image field is

Fig'ure 8. Scanner camera system consists of: Rentaan 6000, telecentric lens, LED
ring light and alignment kit

approximately 120 s. A telecentric lens is usedyéd an object field of 120 mm X

120 mm with negligible distortion for a lens-speeimdistance of 400 mm. The depth
of focus is approximately 4 mm. The resolution lostsystem was measured with a
reticule of lines to 45 line pairs per millimetdiis is in the range of the pixel size on
the object side. Figure 8 shows the camera systgyetiier with the alignment and

positioning kit and the LED ring light. With thiystem the incident light goes nearly
rectangular to the specimen surface. The telecelgns select mainly the rectangular
light direction again. So cracks in all directioagpear black. An image of a biaxial
sample made of 6061 T6 aluminium alloy and tenwged made with the camera
scanner is shown in Figure 9. The initial crack E&C machined under 45° according
to the loading axes. In addition a starting cracksvextended under fatigue loading
conditions. The load ratio between the axes WasFkx/ Fy = 1. Four shear cracks are
formed. Two of them grow in the rolling directiotine other two cracks which should
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Figure 10. Mlcrostructureof the 6061T6 aIon \Amught structure

run 90° to the rolling direction prefer a path app? to this direction. This is mainly
caused by materials anisotropy which is shown gufa 10. If a measurement grid or a
statistic pattern is applied to the surface themithages can be used for deformation
field investigations using image correlation.

SUMMARY AND CONCLUSIONS
With the presented method it is possible to geh m@gsolution images to determine the
crack and deformation development on the completasorement area of biaxial planar

samples and 160 mm CCT-samples. Curved crack patipagcan easily be observed
automatically without the need of an operator du¢he possibility to evaluate images
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after the tests. There is no information lost ifliédnal cracks occur and the complete
primary data are stored for additional investigasioA calibration of the system can be
done with marks on the sample. The pictures camdssl to determine geometrical
crack tip parameters likd or CTOA and to measure deformation fields usinggm
correlation if a stochastic or regular patterngplaed to the sample. The high resolution
of the scanning devices applied in the presentystwid necessary for the detection of
details on the samples surfaces. However the highber of pixels does not give
proportional higher precision in deformation measuent because of the movement of
the CCD line. In [5] the accuracy of a kamera seanvas determined to 1/7 pixel while
a camera with fixed CCD area chip reached 1/30lpireall cases a fix set-up and
specimen are necessary during the scan. The digitde size of 50 to 100 Mb can
easily be handled by actual computer equipment.
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