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In this paper, the synergistic effects of fibre debonding and fracturing on vibration damping in fibre-reinforced ceramic-
matrix composites (CMCs) is investigated. The relationships between the damping of the CMCs, the damping of the fibre and
the matrix, the damping caused by the frictional slip between the fibre and the matrix, and the fibre debonding and fracturing
are established. The effects of the fibre volume, matrix crack spacing, interface shear stress, interface debonding energy, fibre
strength and fibre Weibull modulus on the damping of the CMCs, the interface debonding and slip between the fibre and the
matrix, and the fibre broken fraction are analysed. The damping of the unidirectional CMCs with and without considering the
fibre failure is discussed. The experimental damping of a 2D C/SiC composite is predicted using the present analysis. When
the fibre volume increases, the composite damping decreases, due to the decrease in the interface debonding and slip length
and the broken fibre fraction. Considering the fibre failure, the composite damping decreases, due to the increase in the fibre
broken fraction. When the fibre strength and fibre Weibull modulus increase, the composite damping increases, due to the

decrease of the interface debonding length, interface slip length, and broken fibre fraction.

INTRODUCTION

Ceramic matrix composites (CMCs) have the ad-
vantages of low density, high specific strength, high
specific modulus, and high temperature resistance, etc.,
and are the candidate materials for the hot section com-
ponents of aecrospace vehicles, high thrust-to-weight-ratio
aeroengines, satellite attitude control engines, ramjets,
and thermal protection systems, and so on [1, 2, 3, 4].
However, in the above applications, vibration and noise
problems exist. The failure analysis of rockets and
satellites shows that about two-thirds of the failures are
related to vibration and noise, leading to reduced ope-
rational control accuracy, structural fatigue damage,
and a shortened safety life [5]. Therefore, studying the
damping performance of CMCs and improving their
reliability in the service environment of vibration and
noise is an important guarantee for the safe service of
CMCs in various fields.

Compared with metals and alloys, CMCs have
many unique damping mechanisms due to the internal
structure and complex damage mechanisms [6]. Birman
and Byrd [7] investigated the effect of matrix cracks
on the damping in unidirectional and cross-ply CMCs
at room temperature. The energy dissipation in unidi-
rectional CMCs with bridging matrix cracks were con-
sidered. Sato et al. [8] compared the internal friction

and elastic modulus of SiC/SiC composites fabricated
by polymer impregnation and pyrolysis (PIP), hot
press (HP) and chemical vapour infiltration (CVI).
The internal friction of a CVI SiC/SiC composite was
found to be largely affected by the property of the
fibre, and the microstructure of the matrix. Wang et al.
[9] investigated the effects of a coating, testing the
frequency and thermal treatment on the damping capa-
city of a 2D C/SiC composite fabricated by CVI. It was
found that the damping mechanism of the CVI C/SiC
composite includes microcracking propagation, interface
debonding, and damping of the reinforcement fibre and
interphase. Zhang et al. [10] investigated the effect of
the interphase thickness on the damping behaviour of
a 2D C/SiC composite from room temperature to 400 °C
in an air atmosphere. The damping increased gradually
with the temperature and then decreased after a damping
peak appeared in the temperature range of 250 to 300 °C.
The damping capacity and peak value decreased with
an increasing frequency and was accompanied with
a shift of the damping peak towards lower temperatures.
With an increasing PyC interphase thickness in the range
of 90 - 296 nm, the damping peak of the composite
increased and the temperature corresponding to the peak
shifted to the lower temperature. Hong et al. [11] in-
vestigated the relationship between the oxidation and
the internal friction of a C/SiC composite at 1300 °C in
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an air atmosphere. The internal frictional behaviour of
the C/SiC composite is controlled by the oxidation of
the PyC interphase. Li [12] investigated the natural
frequency and damage of CMCs, and established
the relationship between the natural frequency and
the internal damages. Li [13-19] investigated matrix
cracking, hysteresis loops, damage evolution and life
prediction of different fibre-reinforced CMCs. However,
in the research mentioned above, the effect of interface
debonding on the vibration damping behaviour of CMCs
has not been investigated.

In this paper, the synergistic effects of fibre debon-
ding and fracturing on the vibration damping in fibre-
reinforced CMCs is investigated. The relationships bet-
ween the damping of the CMCs, the damping of fibre
and the matrix, the damping caused by the frictional
slip between the fibre and the matrix, and the fibre
debonding and fracturing are established. The effects of
the fibre volume, matrix crack spacing, interface shear
stress, interface debonding energy, fibre strength and
fibre Weibull modulus on the damping of the CMCs,
the interface debonding and the slip between the
fibre and the matrix, and the fibre broken fraction are
analysed. The damping of unidirectional CMCs with
and without considering the fibre failure is discussed.
The experimental damping of a 2D C/SiC composite is
predicted using the present analysis.

THEORETICAL

The loss factor of the material # can be determined
using the following equation.

U

d
_ 1
=520 (D

where U, is the density of the energy dissipated per cycle
of motion (energy per unit volume per cycle) and U is the
maximum strain energy density during the cycle.

The relationship between the specific damping ca-
pacity (w), the logarithmic decrement (), and the dam-
ping ratio ({) can be determined using the following
equation.

w=20=4rx{=2nn 2)

Under vibration of CMCs, the composite applied
stress is given by:

o, = o(1 + sin wf) 3)

where w is the vibration frequency.

Damping in intact CMCs

The loss factor (5,) for a unidirectional composite
without damage subject to axial loading can be deter-
mined using the following equation.
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where 7, and 7,, denote the loss factors for the fibre and
matrix materials, respectively. When matrix cracking and
interface debonding occur, the effective matrix elastic mo-
dulus (E ) is determined using the following Equation.
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where 1; denotes the interface shear stress; r, denotes
the fibre radius; V; and V,, denote the fibre and matrix
volume fraction, respectively; E; and E,, denote the fibre
and matrix elastic modulus, respectively; E, denotes the
longitudinal modulus of the intact composite material;
I, denotes the matrix crack spacing; and Ao denotes the
range of the applied stress (Ac = 20).

Damping in damaged CMCs

When matrix cracking and interface debonding
occur in CMCs, the loss factor (77,) can be determined
using the following equation.

U

d
= 6
" 2mU ©
where
Ud = Udﬁunloading + Udﬁreloading (7)
Uu=U;+U, ®)

where Uy ynioading @04 Uy reioaaing d€note  the dissipated
energy upon unloading and reloading, respectively; and
U; and U, denote the fibre and matrix strain energy,
respectively.
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where /; denotes the interface debonding length; /, and
1, denote the counter slip length upon unloading and the
new slip length upon reloading, respectively; p denotes
the shear-lag model parameter; oy, and o,,, denote the
fibre and matrix axial stress in the interface bonding
region, respectively.

E 1
[ =1 Vabw g1
2 Ecri p

(nY R EE® AW AN
2p 4E T} V. Ez? ¢
(13)
S P L U S
) 2 E z, P
rf Z_rszfVmEfEmcDU ) _E + VmEmEf§
2p 4E} A Er? 7
(14)
1 E 1
L=l -—10 -2 o Oy —— |-
Y2 2( Egx, e
7} z_rfzI/fVmEfqu)R _i VmEmEf g
2p 4E? A Ezr?
(15)

% = 2@(%} {exp[—[q);qc)pu j[;ﬂj }H%P(cp)}

(16)
mg +1 ® ® mg +1
zde)(i exp —(—“‘) — -
v, ) 20 )\ o,
o, —0o+0 Yo" 1 (4
—exp| | 22220 12 p(@)
20 o, 2
Ef
%= F o+ E(a,—a)AT (18)
Ef
Op= 5 0t E,(a,~a,) AT (19)

c

where &, denotes the interface debonding energy; a,, a,,,
and o, denote the fibre, matrix and composite thermal
expansion coefficients, respectively; and AT denotes the
temperature difference between the testing and fabricated
temperature.

RESULTS AND DISCUSSION

The damping of CMCs with matrix cracking
and interface debonding can be determined using the
following equation.

M=ty (20)

Birman and Byrd [7] investigated the effect of
matrix cracks on damping in a unidirectional SiC/CAS
composite. The material properties of the SiC/CAS
composite are given by [7]: E;= 200 GPa, E., =97 GPa,

Ve=035,r=8 um, & =0.01 Jm?, ;= 17 MPa, [, =

=125 pm, 7, = 0.002, #,, = 0.001, a,= 3.3 x 10°/°C,
a, =4.6 x 10/°C, AT=-1000 °C, o, = 2.0 GPa, m;= 3.
The effect of the fibre volume, matrix crack spacing,
interface shear stress, interface debonding energy, fibre
strength, and fibre Weibull modulus on the damping of
the CMCs are analysed. The comparison analysis of the
damping with and without considering the fibre failure is
also discussed.
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Figure 1. The effect of the fibre volume (i.e., V;=35 and 40 %)
on: a) the damping () versus the amplitude of the stress curves;
b) the interface debonding length (2/,/1.) versus the amplitude
of the stress curves. (Continue on next page)
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Figure 1. The effect of the fibre volume (i.e., ;= 35 and 40 %) on: c) the interface slip length (2/,/1,) versus the amplitude of the

stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the unidirectional SiC/CAS composite.
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Figure 2. The effect of the matrix crack spacing (i.e., /, = 150 and 200 pm) on: a) the damping (7,) versus the amplitude of the
stress curves; b) the interface debonding length (2/,/.) versus the amplitude of the stress curves; ¢) the interface slip length (2/,/1,)
versus the amplitude of the stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the unidirectional
SiC/CAS composite.
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Effect of fibre volume on
damping of CMCs

The effect of the fibre volume (V; = 35 and 40 %)
on the damping of 7, the interface debonding length of
2141, the interface slip length of 2/ /I, and the broken
fibre fraction versus the amplitude of the stress curves of
unidirectional SiC/CAS composite is shown in Figure 1.
When the fibre volume increases, the composite damping
decreases, due to the decrease in the interface debonding
and slip length and the broken fibre fraction.

When the fibre volume is V; = 35 %, the composi-
te damping increases from 7, = 0.00153 at 6 =0 to 5, =
= 0.01735 at ¢ = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at o = 0 to 2[,/I,= 0.92
at 0 = 100 MPa; the interface slip length increases from
20/l.=0ato=0to2//l,=0.52 at 6 = 100 MPa; and the
broken fibre fraction increases from P = 0 at ¢ = 0 to
P =10.0067 at 6 = 100 MPa.
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When the fibre volume is ;=40 %, the composite
damping increases from 7, = 0.0016 at 0 = 0 to 7, =
= 0.01351 at ¢ = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at ¢ = 0 to 2/,/I, = 0.69
at 0 = 100 MPa; the interface slip length increases from
2[/I.=0ato=0to2//l.=0.40 at 6 = 100 MPa; and the
broken fibre fraction increases from P = 0 at ¢ = 0 to
P=0.0039 at o = 100 MPa.

Effect of matrix crack spacing on
damping of CMCs

The effect of the matrix crack spacing (/.= 150 and
200 pum) on the damping of 7, the interface debonding
length of 2/,/I, the interface slip length of 2/,//., and the
broken fibre fraction versus the amplitude of the stress
curves of the unidirectional SiC/CAS composite is shown
in Figure 2. When the matrix crack spacing increases, the
composite damping decreases, due to the decrease in the
interface debonding and slip range.
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Figure 3. The effect of the interface shear stress (i.e., 7; = 15 and 20 MPa) on: a) the damping (7.) versus the amplitude of the
stress curves; b) the interface debonding length (2/,/.) versus the amplitude of the stress curves; ¢) the interface slip length (2/,/1,)
versus the amplitude of the stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the unidirectional

SiC/CAS composite.
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When the matrix crack spacing is /, = 150 pum, the
composite damping increases from 7, = 0.00153 at 6 =0
to #, = 0.016 at 0 = 100 MPa; the interface debonding
length increases from 2/,/[. =0 at 6= 0to 2/,/[, = 0.77 at
o = 100 MPa; the interface slip length increases from
2/I. =0 at o =0to 2//l, = 0.43 at ¢ = 100 MPa; and
the broken fibre fraction increases from P=0at o =0 to
P=0.00673 at 6 = 100 MPa.

When the matrix crack spacing is /, = 200 pum, the
composite damping increases from 7, = 0.00153 at 6 =0
to n7,= 0.013 at ¢ = 100 MPa; the interface debonding
length increases from 2/,/[, =0 at 0= 0to 2/,/I, = 0.58 at
o = 100 MPa; the interface slip length increases from
20/I.=0ato=0to 2L/, = 0.327 at 0 = 100 MPa; and
the broken fibre fraction increases from P =0 at o =0 to
P=0.00673 at 6 = 100 MPa.

0.020

—8— £,=0.01Jm?
—e— £,=0.03Jm?

0 T T T T T T T T T T T
0 20 40 60 80 100
Amplitude of stress (MPa)
a)
0.6
—8— ¢ =0.01Jm?
059 |—o— §,=0.03J m?

0.4
=-0.3-
N

0.2

0.1+

T T T T T T T T T T
0 20 40 60 80 100
Amplitude of stress (MPa)

<)

Effect of interface shear stress on
damping of CMCs

The effect of the interface shear stress (z; = 15 and
20 MPa) on the damping of #,, the interface debonding
length of 2/,/I,, the interface slip length of 2/,/, and the
broken fibre fraction versus amplitude of the stress curves
of the unidirectional SiC/CAS composite is shown in
Figure 3. When the interface shear stress increases, the
composite damping decreases, due to the decrease in the
interface debonding and slip length.

When the interface shear stress is t; = 15 MPa, the
composite damping increases from 7, = 0.00153 at 6 =0
to 7, = 0.01847 at 0 = 100 MPa; the interface debonding
length increases from 2/,/[,=0ato=0to 2//[.=1 ato=
= 100 MPa; the interface slip length increases from
2[/I. =0 at o =0 to 2[/[, = 0.59 at 6 = 100 MPa; and
the broken fibre fraction increases from P=0at o =0 to
P =10.00673 at 0 = 100 MPa.
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Figure 4. The effect of the interface debonding energy (i.e., & = 0.01 and 0.03 J-m?) on: a) the damping (3.) versus the amplitude
of the stress curves; b) the interface debonding length (2/,//,) versus the amplitude of the stress curves; c¢) the interface slip length
(21,/1,) versus the amplitude of the stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the

unidirectional SiC/CAS composite.
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When the interface shear stress is 7; = 20 MPa, the
composite damping increases from #,= 0.00153 at 6 =0
to 7, =0.01621 at 0 = 100 MPa; the interface debonding
length increases from 2/,/[, = 0 at 0 = 0 to 2/,/, = 0.78
at 0 = 100 MPa; the interface slip length increases from
2[/l.=0ato=0to2//l,=0.44 at 6 = 100 MPa; and the
broken fibre fraction increases from P = 0 at ¢ = 0 to
P=0.00673 at 6 = 100 MPa.

Effect of interface debonding energy
on damping of CMCs

The effect of the interface debonding energy
(& =0.01 and 0.03 J'm?) on the damping of #,, the in-
terface debonding length of 2/,//, the interface slip
length of 2//I,, and the broken fibre fraction versus
amplitude of the stress curves of the unidirectional SiC/
CAS composite is shown in Figure 4. When the interface
debonding energy increases, the composite damping
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decreases first and then increases, due to the decrease in
the interface debonding length, and first the decrease and
then the increase of the interface slip length.

When the interface debonding energy is &; =
= 0.01 J'm? the composite damping increases from
7.=0.00153 at =0 to ,=0.01735 at 0 = 100 MPa; the
interface debonding length increases from 2/,//, = 0 at
o=0to 2l/l,=0.927 at 0 = 100 MPa; the interface slip
length increases from 2//I, = 0 at ¢ = 0 to 2//I, = 0.523
at 0 = 100 MPa; and the broken fibre fraction increases
from P=0at o =0 to P=0.00673 at 0 = 100 MPa.

When the interface debonding energy is &, =
= 0.03 J'm? the composite damping increases from
7.=0.00153 at 6 =0to 7,=0.01789 at o = 100 MPa; the
interface debonding length increases from 2/,//, = 0 at
o=0to 2//l,=0.85 at ¢ = 100 MPa; the interface slip
length increases from 2//I, = 0 at o = 0 to 2//], = 0.517
at 0 = 100 MPa; and the broken fibre fraction increases
from P=0ato=0to P=0.00673 at 0 = 100 MPa.
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Figure 5. The effect of the fibre strength (i.e., o, = 2.0 and 2.5 GPa) on: a) the damping (,) versus the amplitude of the stress
curves; b) the interface debonding length (2/,/) versus the amplitude of the stress curves; c) the interface slip length (2/,/1,) versus
the amplitude of the stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the unidirectional

SiC/CAS composite.
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Effect of fibre strength on
damping of CMCs

The effect of the fibre strength (o, =2.0 and 2.5 GPa)
on the damping of #,, the interface debonding length
of 2/y/l,, and the interface slip length of 2///,, and the
broken fibre fraction versus the amplitude of the stress
curves of the unidirectional SiC/CAS composite is
shown in Figure 5. When the fibre strength increases,
the composite damping increases, due to the decrease in
the interface debonding length, interface slip length, and
broken fibre fraction.

When the fibre strength is o, = 2.0 GPa, the com-
posite damping increases from #,= 0.00153 at ¢ = 0 to
7. = 0.01735 at 0 = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at o = 0 to 21/, = 0.927
at 0 = 100 MPa; the interface slip length increases from
20/I.=0ato=0to2l/l, = 0.523 at ¢ = 100 MPa; and
the broken fibre fraction increases from P =0 at o =0 to
P=0.00673 at ¢ = 100 MPa.
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When the fibre strength is g, = 2.5 GPa, the com-
posite damping increases from 7, = 0.00153 at o = 0 to
7. = 0.01753 at 0 = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at ¢ = 0 to 2/,/I, = 0.91
at 0 = 100 MPa; the interface slip length increases from
2[/)I,=0ato=0to2l/l.=0.514 at ¢ = 100 MPa; and
the broken fibre fraction increases from P=0at 6 =0 to
P=0.00274 at o = 100 MPa.

Effect of fibre Weibull modulus on
damping of CMCs

The effect of fibre Weibull modulus (m; = 3 and 5)
on the damping of 7, the interface debonding length of
214/, and the interface slip length of 2/,/1., and the broken
fibre fraction versus the amplitude of the stress curves
of the unidirectional SiC/CAS composite is shown in
Figure 6. When the fibre Weibull modulus increases, the
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Figure 6. The effect of the fibre Weibull modulus (i.e., m; = 3 and 5) on: a) the damping (7,) versus the amplitude of the stress
curves; b) the interface debonding length (2/,/1) versus the amplitude of the stress curves; c) the interface slip length (2/,/1,) versus
the amplitude of the stress curves; d) the broken fibre fraction versus the amplitude of the stress curves of the unidirectional
SiC/CAS composite.
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composite damping increases, due to the decrease in the
interface debonding length, interface slip length, and
broken fibre fraction.

When the fibre Weibull modulus is m, = 3, the com-
posite damping increases from 7, = 0.00153 at ¢ = 0 to
7. = 0.01735 at 0 = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at o = 0 to 21/, = 0.927
at 0 = 100 MPa; the interface slip length increases from
2[/I.=0ato=0to 2L/l = 0.523 at 0 = 100 MPa; and
the broken fibre fraction increases from P =0 at ¢ =0 to
P =10.00673 at 0 = 100 MPa.

When the fibre Weibull modulus is m,; = 5, the com-
posite damping increases from 7,= 0.00153 at 0 = 0 to
7. = 0.0176 at ¢ = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at 0 = 0 to 2/,/l,= 0.9 at
o = 100 MPa; the interface slip length increases from
2[/I.=0ato=0to2//[,=0.51 at ¢ = 100 MPa; and
the broken fibre fraction increases from P =0 at o =0 to
P =10.0005 at 0 = 100 MPa.
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0 T T T T T T T T T T T
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Amplitude of stress (MPa)

©)

Comparisons of damping with and
without considering fibre failure

The comparisons of the damping of 7, the interface
debonding length of 2//I., and the interface slip length
of 21,/I, with and without the fibre failure, and the broken
fibre fraction versus the amplitude of the stress curves
of the unidirectional SiC/CAS composite are shown in
Figure 7. Considering the fibre failure, the composite
damping decreases, due to the increase in the fibre bro-
ken fraction.

When the fibre failure is not considered, the com-
posite damping increases from 7, = 0.00153 at o = 0 to
7. = 0.01762 at 0 = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at ¢ = 0 to 2/,/I, = 0.89
at 0 = 100 MPa; the interface slip length increases from
2[/I.=0ato=0to2//l,=0.509 at 6 = 100 MPa.

When the fibre failure is considered, the composi-
te damping increases from #, = 0.00153 at 0 = 0 to .=

1.0 | —=— without fiber failure
—@— With fiber failure
0.8
= 0.6
=
0.4
0.2 1
0 T T T T T T T T T T
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Figure 7. The damping (7.) versus the amplitude of the stress curves with and without the fibre failure (a); the interface debonding
length (214/1,) versus the amplitude of the stress curves with and without the fibre failure (b); the interface slip length (2/,/1,) versus
the amplitude of the stress curves with and without the fibre failure (c); and the broken fibre fraction versus the amplitude of the

stress curves of the unidirectional SiC/CAS composite (d).
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= 0.01735 at ¢ = 100 MPa; the interface debonding
length increases from 2/,/I, = 0 at o = 0 to 21/, = 0.927
at 0 = 100 MPa; the interface slip length increases from
2[/I.=0ato=0to 2L/, = 0.523 at 0 = 100 MPa; and
the broken fibre fraction increases from P =0 at o =0 to
P=0.00673 at 6 = 100 MPa.

EXPERIMENTAL

Wang et al. [9] investigated the damping beha-
viour of a 2D plain-weave CVI T300™ C/SiC composite
at different temperatures. The material properties of
the C/SiC composite are given by [9]: E; = 230 GPa,
E, = 350 GPa, V,= 04, r, = 3.5 um, &= 0.01 Jm?,
I, =100 pm, n; = 0.002, 7,,= 0.005, ;= -0.7 x 10%/°C,
o, = 4.6 x 10%°C, AT = -1000 °C, 6.= 2.5 GPa, m;= 3.
The experimental and predicted damping of 7, the in-
terface debonding length of 2///, and the interface
slip length of 2//I. versus the amplitude of the stress

0.06
= 0.04
B Experimental data
0.02 — 1,=8 MPa
— 1,=9 MPa
— 1,=10 MPa
0 T T T T T T T T T T
0 20 40 60 80 100
Amplitude of stress (MPa)
a)
1.0 1
0.8
= 0.6
N
0.4
— ;=8 MPa
0.2 — ;=9 MPa
— 1,=10 MPa
0 T T T T T T T T T T
0 20 40 60 80 100
Amplitude of stress (MPa)
¢)

curves of the C/SiC composite is shown in Figure 8.
The experimental damping of 1, is 0.0106 at a tempera-
ture of 7'= 50 °C, corresponding to an amplitude of the
stress o = 30 MPa, and an interface shear stress range
of 7;= 9 and 10 MPa, and an interface debonding length
range of 2/,/I. = 0.716 and 0.798, and an interface slip
length range of 2/,//, = 0.45 and 0.5, and a broken fibre
fraction of P = 0.0002.

CONCLUSIONS

In this paper, the synergistic effects of the fibre
debonding and fracturing on the vibration damping in
fibre-reinforced CMCs is investigated. The relationships
between the damping of the CMCs, the damping of
the fibre and the matrix, the damping caused by the
frictional slip between the fibre and the matrix, and
the fibre debonding and fracturing are established.
The effects of the fibre volume, matrix crack spacing,

1.0+
0.8 1
= 0.6
=
0.4 1
— 1,=8 MPa
0.2 1 — ;=9 MPa
— 1,=10 MPa
0 T T T T T T T T T T
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b)
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C
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S
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0
N I T T T T T T T T
0 20 40 60 80 100
Amplitude of stress (MPa)
d)

Figure 8. The experimental and predicted damping (7.) versus the amplitude of the stress curves (a); the interface debonding length
(21y/1,) versus the amplitude of the stress curves (b); the interface slip length (2/,/1,) versus the amplitude of the stress curves (c);
and the broken fibre fraction versus the amplitude of the stress curves of the C/SiC composite (d).

396

Ceramics — Silikaty 64 (4) 387-397 (2020)



Synergistic effects of fibre debonding and fracturing on vibration damping in fibre-reinforced ceramic-matrix composites

interface shear stress, interface debonding energy, fibre
strength and fibre Weibull modulus on the damping of
the CMC:s, the interface debonding and slip between the
fibre and the matrix, and the fibre broken fraction are
analysed. The damping of the unidirectional CMCs with
and without considering the fibre failure is discussed.
The experimental damping of a 2D C/SiC composite is
predicted using the present analysis.

e When the fibre volume increases, the composite
damping decreases, due to the decrease in the interface
debonding and slip length and the broken fibre fraction.

e When the matrix crack spacing and interface shear
stress increases, the composite damping decreases,
due to the decrease in the interface debonding and slip
range.

e When the interface debonding energy increases, the
composite damping first decreases and then increases,
due to the decrease in the interface debonding length,
and the first decrease and then increase in the interface
slip length.

e When the fibre strength and fibre Weibull modulus
increase, the composite damping increases, due to the
decrease in the interface debonding length, interface
slip length, and broken fibre fraction.

e Considering the fibre failure, the composite damping
decreases, due to the increase in the fibre broken
fraction.
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