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A B S T R A C T

The mechanical characterisation of the carbon/carbon composite in the transverse direc

tion is essential for the design of braking discs. This paper presents a technique based

on spherical indentation to identify the mechanical behaviour of such materials in the

transverse direction.

After the presentation of the material properties as determined from static and fatigue

compression tests, the indentation technique is described in detail. The characterisation

technique used takes into consideration the transverse isotropy of these materials. The

method used allows to identify the material behaviour in elastic and inelastic fields. Char

acterisation of elastic parameters is carried out after identification of the Hertz law in the

unloading indentation cycles. The hardening parameters and the elastic limit are identified

by expressing the law of Hertz in strain/stress form.

The identified parameters are used in a simulation of an indentation test by finite element

method. A good agreement is found between numerical and experimental results.

1. Introduction

Carbon/Carbon (C/C) composites have been under develop
ment since the 1960s as thermo structural materials for high
temperature applications such as in the case of aeronautical
braking, motor sports, nozzles, etc. Their moderate density
(less than 2), thermal properties such as a low coefficient of
thermal expansion, and a large heat capacity at high temper
ature (2.5 times higher than that of steel) as well as good
mechanical properties up to 2000 !C, make them indeed good
materials for hot working structural elements.

This work is a part of a study on C/C composites for brake
discs against steel discs in a lubricated environment for
aerospace applications. Its aim is the characterisation of C/C
composites in the transverse direction to the plane of friction
using the indentation technique. In a braking configuration,

the brake discs are highly stressed in the transverse direction.
With a very low coefficient of friction and particularly in a
lubricated environment, the friction force is provided by
increasing the load in the normal direction to the plane of
friction. For sizing the C/C discs to support these load levels,
accurate mechanical characterisation in the transverse direc
tion is required.

In the literature, studies of C/C composites for brake appli
cations are typically oriented towards the study of the friction
behaviour of these materials. Few studies have addressed the
characterisation of these composites in transverse compres
sion. For example, one can cite the works of Davies and
Rawlings [1] and Douarche et al. [2] on the characterisation
of these materials in compression. The behaviour of these
materials in compression depends heavily on the specimen’s
geometry and particularly its thickness [1]. To remedy the
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Figeac) and S. Tovar (EMAC Albi) for the manufacturing and
the preparation of the specimens used in the experimental
section of this work.

R E F E R E N C E S

[1] Davies IJ, Rawlings RD. Mechanical properties in compression
of low density carbon/carbon composites. Composites
1994;25(3):229 36.

[2] Douarche N, Rouby D, Peix G, Jouin JM. Relations between x
ray tomography, density and mechanical properties in
carbon carbon composites. Carbon 2001;39(10):1455 65.

[3] Ozcan S, Tezcan J, Filip P. Microstructure and elastic
properties of individual components of c/c composites.
Carbon 2009;47(15):3403 14.

[4] Iwashita N, Swain MV, Field JS, Ohta N, Bitoh S. Elasto plastic
deformation of glass like carbons heat treated at different
temperatures. Carbon 2001;39(10):1525 32.

[5] Field JS, Swain MV. The indentation characterisation of the
mechanical properties of various carbon materials: glassy
carbon, coke and pyrolytic graphite. Carbon
1996;34(11):1357 66.

[6] Kanari M, Tanaka K, Baba S, Eto M. Nanoindentation behavior
of a two dimensional carbon carbon composite for nuclear
applications. Carbon 1997;35(10 11):1429 37.

[7] Diss P, Lamon J, Carpentier L, Loubet J, Kapsa P. Sharp
indentation behavior of carbon/carbon composites and
varieties of carbon. Carbon 2002;40(14):2567 79.

[8] Marx D, Riester L. Mechanical properties of carbon carbon
composite components determined using nanoindentation.
Carbon 1999;37(11):1679 84.

[9] Siron O, Lamon J. Damage and failure mechanisms of a3
directional carbon/carbon composite under uniaxial tensile
and shear loads. Acta Mater 1998;46(18):6631 43.

[10] Siron O, Pailhes J, Lamon J. Modelling of the stress/strain
behaviour of a carbon/carbon composite with a 2.5
dimensional fibre architecture under tensile and shear loads
at room temperature. Compos Sci Technol 1999;59(1):1 12.

[11] Pailhes J, Camus G, Lamon J. A constitutive model for the
mechanical behavior of a 3d c/c composite. Mech Mater
2002;34(3):161 77.

[12] Fantozzi G, Reynaud P. Mechanical hysteresis in ceramic
matrix composites. Mater Sci Eng A 2009;521 522:18 23.

[13] Hou X, Liu X, Xu J, Shen J, Liu X. A self optimizing
electrodeposition process for fabrication of calcium
phosphate coatings. Mater Lett 2001;50(2 3):103 7.

[14] Cheikh M, Fermy A. Versatile device research of mechanical
properties of a specimen; 2012. Patent FR20110051436.

[15] Oliver WC, Pharr GM. Measurement of hardness and elastic
modulus by instrumented indentation: advances in
understanding and refinements to methodology. J Mater Res
2004;19:3 20.

[16] Delafargue A, Ulm FJ. Explicit approximations of the
indentation modulus of elastically orthotropic solids for
conical indenters. Int J Solids Struct 2004;41(26):7351 60.

[17] Nakamura T, Gu Y. Identification of elastic plastic anisotropic
parameters using instrumented indentation and inverse
analysis. Mech Mater 2007;39(4):340 56.

[18] Riccotti Y, Douarche N, Franciosi P, Rouby D. Estimation des
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