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ADbstract

X-ray computed tomography (CT) techniques have lused to evaluate a structural index of
high performance metal matrix composites (MMC). iBe®f classical features like the
determination of number of fibres and eccentrioityibre bundles an order parameter can be
defined and demonstrated for the SiC fibre arrareggnm Ti-MMC, which can be used to assess
these materials.

The samples for the investigations have been peoviy MTU Aero Engines. They consist of a
titanium matrix (Ti6242) reinforced by SiC fibréSES6).
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1. Introduction

X-ray computed tomography (CT) techniques offenaue potential for non-destructive
evaluation (NDE). Established is the detection ladlisation of density variations in green
components with a density resolution of one pereadtlower together with high spatial
resolution even in complex shaped samples. Thidbearsed to increase the quality and
reliability of ceramic components determining tiaeises of defects components and following
optimisation of the production proc€&sin the last few years a rapid growing area ofi€the
use for dimensional measurements in industry. Thesdts are reached using calibrated
reference structures together with proceduresri@cbsome artefacts like beam hardening or
scattered radiation.

An intermediate position between density evaluatind dimensional control of geometry is the
characterisation of fibre structures. The studfitot reinforced materials as CFC, FRP, MMC
and reinforced concrete are an actual topic of@&dnalyse fibre orientation, fibre distances,
fibre cracks, matrix cracksr[,égt))res and fibre delmogit®*. The main approach is the
segmentation of single fibréwor in these cases where a separation is not pessibhtegral
method is uséd. In MMC materials the number of fibres, their agament and other
geometrical features governs the properties of suaerials. As an example an order parameter
can be defined and demonstrated for the SiC fimengement in Ti-MMC, which can be used
to assess these materials.



2. Experimental set-up

The versatile experimental set-up of computed taaqugy developed at BAM is described
2004, Some improvements are made in respect to dimeaisiontrol with CT. Especially in
connection with reference structures, calibrateddlsyile measurements with coordinate
measurement machines (CMM) the uncertainty of Canasieasurement tool could be
decreased 206%. The measurements of the MMC samples are perfomitadhe 225 kV
laboratory CT set-up and with the CT set-up of BgBAM line) at the Synchrotron Facility
BESSY in Berlin, Germany.

3. Results

3.1 Fibrecracking

As an example for classical flaw evaluation of Md&nples the following images show some
types of MMC samples of different sizes, partiailligh cracks after loading tests, as visible in
the images at right of fig. 1 and 2.
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Fig. 1: Two metal matrix structures (cross sectidrk 4 m )Wlth different number of fibres.
For each sample a horizontal slice (top) and acalice (bottom) is shown. The sample
(images at right) shows cracked fibres.

Fig. 2: Iso-surface representation of a cut-ouhefcorresponding samples of fig. 1.



3.2 Number of fibres

The segmentation of the fibres can be performetbgna to the detection of pores due to the
lower density of SiC fibres compared with the Titrda Two methods are applied: a self
developed image processing module on the basleedfriage processing system AVS
(Advanced Visual System Inc., Version AVS 5) anthwhe commercially image processing
software VGStudio Max 2.0. The result, the numidditoes and the coordinates of the centre of
the fibres, are listed as a protocol. Fig. 3 shthedifferent steps of the first method: a cross-
section extracted from the CT 3D image data setséigmentation of the fibres — the success is
demonstrated by the different colours - and théresrof the fibres.

Fig. 3: Cross section of a tensile sample (diamatb@ut 5 mm, left image), measured with Sy-
CT at 50 keV, voxel size (11 ut)The image in the middle shows the segmentedsfianel the
centres of fibres are given in the image at right.

Fig. 4: Cross section of a test sample (diametenfn, left image), measured with laboratory
CT at 200 kV, voxel size (7 pfhand an enlarged cut-out (right image).



3.3 Order parameter

To quantify the regularity of the fibre distributian a sample or component an order parameter
Qqis defined in 2008). For an ideal fibre distribution the distanceshef centre of mass of the
fibres s, are equal to the average fibre distan@nd the order parameteji® equal 1.
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s,  n"fibre distance
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The procedure of calculation of the quality paramé€); is performed in the following steps:
* measurement of sample or component with compotaddraphy
* segmentation of fibres and determination of th&reecoordinates
» calculation of the fibre distances and sortingoagting the distance
» calculation of the order parameter
» validation on simulated test data

For an ideal hexagonal structure the result is shioviig. 5 and for a real sample (c.f. fig. 3) in
fig. 6. The quality parameter Qd can be evaluatetliding the distances up to the first
maximum in the histogram.
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Fig. 5: Coordinates of the centre of fibres (lefage) and histogram of the distances between all
fibres for an ideal hexagonal fibre distribution
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Fig. 6: Coordinates of the centre of fibres (lefage) and histogram of the distances between all
fibres of the sample, shown in fig. 3.

Using the diameter of the fibres,=10.128 mm, an order parameter of 1.258 is caedlfor the
sample shown in fig 3. For ten test samples simgashown in fig.4, the order parameter varies
between 1.2 and 1.5 and demonstrates the sernsdivihe order parameter.

4. Conclusion

X-ray computed tomography techniques are applig¢ddaharacterisation of MMC samples.
With classical absorption CT structural informatiman be evaluated and quantified, which is
demonstrated calculating an order parameter fdr swaterials.

5. References

[1] T.Rabe, R. Rudert, J. Goebbels, K-W Harbittondestructive Evaluation of Green
Components”, American Ceramic Society bulletin 3822003)27-32

[2] A. Evans Ch. San MarchiA. Mortensen: Metal Matrix Composites in Industry -

An Introduction and a Survey”’, MMC Assess Consanti2000 http://mmc-assess.tuwien.ac.at
[3]G.Y. Baaklini, R.T. Bhatt, A.J. Eckel, P. ErgIM.G. Castelli, R. W. Rauser: “X-ray
microtomography of ceramic and metal matrix comigssj Materials Evaluation 53 (1995),
1040-1044

[4] B.R. Mller, A. Lange, M. Harwardt, M.P. Hentesl, B. lllerhaus, J. Goebbels:

"First Refraction Enhanced 3D Computed Tomograpypglication to Metal Matrix
Composites”, DGZfP, Proc. CT-IP 2003, BB84-CD (2003
andhttp://www.ndt.net/article/ct2003/v02/v02.htm

[5] K. Robb, O. Wirjadi, K. Schladitz: "Fiber Ori¢ation Estimation from 3D Image

Data: Practical Algorithms, Visualization, and imtestation”, IEEE, Proc. of thé™nt. Conf.

on Hybrid Intelligent Systems, (2007)320-325

[6] G. Weidemann, R. Stadie, J. Goebbels, B. Hidem "Computed tomography study of fibre
reinforced autoclaved aerated concrete”, to beighubd in: MP Materials testing 50 (2008)



http://mmc-assess.tuwien.ac.at/
http://www.ndt.net/article/ct2003/v02/v02.htm

[7] J. Goebbels, B. lllerhaus, Y. Onel, H. Rieseanez. Weidemann: “3D-Computed
Tomography over Four Orders of Magnitude™18/orld Conference on Nondestructive
Testing, Montréal, Canada, August 30-Septemb20@4, CD of Proceedings

[8] M. Bartscher, U. Hilpert, D. Fiedler: “Deterndtion of the Measurement Uncertainty of
Computed Tomography Measurements using a cylindadras an Example, tm-Technisches
Messen, 75 (2008)178-186

[9] J. Hausmann, H. Assler und J. Kumpfert: “Moaling der transversalen Eigenschaften von
Titanmatrix-Verbundwerkstoffen (TMCs)*, DLR Werkstdolloquium 2000, KéIn-Porz, 14.
Dezember 2000



