Buckling Profile of a Constrained Shell Under Compression
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Under uniaxial compression, a thin cylindrical shell, such as aluminum can, buckles in unpredictable | | | | | D reconstruction r19 i with the K dg f | f A
ways associated with microscopic imperfections on its surface. Horton and Durham (1965) A series of images were obtained at each rotation of the shell. Each new image corresponds to image are combined with the known degree of rotation 1o form the

demonstrated that the cylindrical shell can produce a predictable periodic buckling pattern that a rotation of 1 degree. In this way all 360 degrees of the shell can be captured by the X-ray. As cylindrical coordinates of the exterior shell. Figure 5 shows an optical
resembles a diamond-like lattice structure when the shell is constrained by an internal mandrel. We seen from fig. 4(a), the shell appears to be quite transparent because the shell is thin and not as scanning reconstruction of the same shell.
report here an experiment with a thin cylindrical shell made of Mylar wrapped around a PVC tube. many X-rays are absorbed by the mylar compared to the thick PVC, which makes the inner
Using X-ray imaging, we investigate the regular buckling profile of this shell when compressed along mandrel.
![’[Sbm?.jor axis ?lt?hgreaterlprec:tlﬁlop t:}halr; bifloge. Wg fo_l(flrj]s ol e tgaptpetwfe?r? s ?hell ant(i_l e i To get a clear image of the shell, we use multiple techniques and tools from the open source
hu Ie 0 corgpute det\r/]van N9 fh tle (Lﬁ ? _Imo ©. 1he re_lcons ruE '?n ° 9 ethsurtacbe Ipa i wi software, ImageJ. First the gradient profile of the background of the image is removed (fig. 4(b));
te P ;JS dn e'TSta” : © stresses hat lead 1o 1aiure ih grain sfios, Tockets ahd other tubiar this allows a threshold to be applied evenly to the histogram of pixel values of the image. The
SHcIUTes or Interest. Image Is sharpened and then a threshold is applied which allows the contour of the buckled shell
to stand out better. From here we convert the images to binary, and apply a despeckler filter to
Motivation output a cleaner outline of the shell and remove noise as shown in figure 4(c).
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Understanding the behavior of Eackgiound - N experimenter to see in between the inner core and the buckled shell. In this way, an amplitude of the
buckled cylinders under - e DEepsedes buckled wave mode can be determined through fitting and help verify theoretical predictions. Going
compression may be the (d) forward, a novel way to make the mylar material appear thicker in the X-ray might be needed for
gateway towards new () Improved results. Methods have been proposed such as spraying the mylar with X-ray absorbing
technologies which utilize their material; in this way, the contours of the buckled shell are preserved and will come out sharper.
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behavior on control surfaces. fg i her”(_ IgéD(' ))I'D tr? N oraer Oddi'a el (t) recons ;ubc L flow as liquids. In the future we plan to study the twisting
t E =ne md tmh ython, Isomedat | '(ir;a > epr? MUst be motion of the shell and connect this investigation to the
'I?h eh in oraet ﬁ. have aTCI;Felfl? ata sel ordeza\c_ tlmlggteh- movement of dry foam. When twisted a buckled shell (fig.
_ g |magest, \cllvtlc are ype, arc foaded Into Fython 6) and a aqueous foam (fig. 7) will both undergo what is
Experlmental Set Up and converied to humpy artays. called a “T1 event,” which occurs when four pairs of
: : : . L faces/bubbles switch places. This similarity may be the
The mylar shell was created separately then slides on to the inner mandrel like a sleeve. We chose Each pixel is represented by an element in this 2D array. ot sten in linkin thege oo different steyms y
a mylar sheet of thickness 0.127 mm for this experiment. Figure 1 shows the gap between the shell This is done so that the pixel data of each image can be P 9 y ' Ciaure 6 Ciqure 7
and the inner mandrel, chosen and measured to be 6 = 3 mm. The height of the shell is 7.0 mm changed easily through the use of an custom algorithm J 9
taller than the mandrel. The mylar sheet was cut to size using a laser cutter and assembled by (fig. 4(3e)).
hand. Figure 2 shows the final product.
Using the algorithm generated, a entire contour of the Sum mary
i applied force shell is created in 1 degree increments as shown in - X-ray imaging for buckled cylinders offers a unique perspective; to be able to see between the
flgurg 4(f)._ These new images acquired from the Figure 4 iInner mandrel and shell allows the experimenter to accurately retrieve desired parameters from
algorithm is fed back into ImageJ where radius and theory
collar height (z) coordinates are extracted into a text file.
0P B3P * A greater resolution has allowed for the buckled cylinder to be reconstructed more accurately
M lar than before
cylinder
mandrel Matchi ng theory with observation * Future work is planned to get the mylar to appear thicker in the X-ray imaging and improve data
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