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Temperature rise during fatigue of fibre-reinforced ceramics 

J. W. HOLMES,  S. F. SI-IULER 
The University of Michigan, Ceramic Composites Research Laboratory, Department of Mechanical 
Engineering and Applied Mechanics, Ann Arbor, Michigan 48109-2125, USA 

The present work reports on the observation of internal 
heat generation during fatigue of fibre-reinforced 
ceramics. Results are presented for a C-fibre/SiC- 
matrix composite formed by chemical vapour infil- 
tration of 00/90 ° fibre cloths (fibre content of the 
composite: ~ 40 to 45 vol %). The specimen geometry 
used in the investigation is given in Fig. la. Fatigue 
testing was conducted under tension-tension loading 
(the load was varied in a sinusoidal fashion). Platinum- 
10% rhodium thermocouples were used to measure 
the temperature rise of the specimen during fatigue. 
The thermocoupte junction was disc-shaped (0.3 mm 
thick × 1.0ram radius) to increase the surface con- 
tact area and improve response time. Thermocouples 
were bonded to the specimen (see Fig. lb) using 
a cyanoacrylate adhesive (tests using identically 
prepared thermocouples applied to an aluminium 
specimen showed no inherent heating of the adhesive 
during fatigue at frequencies from 1 to 85 Hz). The 
temperature of the specimen grips was maintained at 
295 4- 0.5 K by water cooling. In the vicinity of the 
test setup, the temperature was 296 + 1 K. A data 
acquisition system with an isothermal reference junc- 
tion was used to continuously store thermocouple 
data. 

Three different experiments were conducted to deter- 
mine the effect of frequency and maximum fatigue 

stress on frictional heating. These were: (i) variable 
frequency, constant stress; (ii) constant frequency, 
variable stress; and (iii) effect of long term fatigue on 
specimen temperature. 

In the first series of experiments (variable fre- 
quency, constant stress), fatigue testing was conducted 
at sinusoidal frequencies of 1, 10, 25, 50, 75 and 85 Hz 
(where 85Hz was the maximum frequency which 
could be reliably attained on the test system). The 
stress limits were held constant for all frequencies 
(amax = 250 and atom = 10 MPa). The specimen was 
fatigued for 10 rain at each frequency, after which the 
load was reduced to zero and the specimen allowed to 
cool to its initial temperature (295 K) prior to reload- 
ing at a higher frequency. 

The results of these experiments (Fig. 2) show that 
significant internal heat generation occurs during 
fatigue of fibre-reinforced ceramics. At a frequency of 
85 Hz the temperature rise measured at the specimen 
surface approached 32 K (for all frequencies, a steady 
state temperature rise was typically obtained after 
3 to 5min of testing). The initial test data indicate 
that an approximately linear relationship exists 
between steady-state temperature rise and frequency: 
AT (K) ~ 0.37 x freq. (Hz). Additional testing is 
required to determine if the linear relationship con- 
tinues to hold at even higher test frequencies. The 
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Figure 1 Specimen geometry and location of thermocouples used to determine temperature rise during tensile fatigue loading. Dimensions 
are in millimeters. (a) Specimen geometry, (b) location of thermocouples. 
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Figure 2 Influence of  test frequency on temperature rise. Initial 
temperature of  the composite: 295 K, O'ma x : 250 MPa, O-mi n ; 10 MPa. 

temperature rise observed during fatigue is thought to 
be the result of internal heat generation produced by 
frictional sliding along fibre-fibre and fibre-matrix 
interfaces. Frictional sliding has been proposed [1-3] 
as a possible mechanism for the hysteresis in stress- 
strain response observed during cyclic loading of 
fibre-reinforced ceramics [4-6]; the heat generation 
observed in the present investigation offers further 
support for this mechanism. It should be noted that a 
temperature rise is also found during fatigue of fibre- 
reinforced plastics [7]. However, the predominant 
mechanism responsible for heating in fibre-reinforced 
plastics is internal damping, rather than frictional 
sliding along internal interfaces. 

In the second series of experiments (constant fre- 
quency, variable stress) the frequency was maintained 
at 75 Hz and the maximum fatigue stress increased 
from 50 to 250 MPa in 50 MPa increments (for all 
stress levels, the minimum fatigue stress was held at 
10MPa). At each stress level, the fatigue load was 
maintained for 10min after which the load was 
reduced to zero and the specimen allowed to cool back 
to its initial temperature before reloading at a higher 
stress level. The goal of this series of experiments was 
to determine if an increase in stress amplitude (and 
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Figure 3 Influence of maximum fatigue stress on temperature rise. 
Minimum stress of all tests: 10MPa. Initial temperature of com- 
posite: 295 K, frequency: 75 Hz. 
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Figure 4 Effect of  long duration fatigue cycling on temperature rise. 
Testing was discontinued at 2 x 105 sec (107 fatigue cycles). Initial 
temperature of  composite: 295 K, frequency: 50 Hz, %ax: 250 MPa, 
cr.,jn: 10 MPa. 

hence, strain amplitude) would result in additional 
heat generation within the composite. As shown in 
Fig. 3, the temperature of the composite increased 
dramatically as the peak fatigue stress was increased 
(from approximately 0.8K at 50MPa to 28K at 
250 MPa). 

In the third experiment (effect of long term fatigue 
loading on specimen temperature) both the frequency 
and fatigue stress limits were held constant (fre- 
quency = 50Hz, am,x = 250 and ~min = 10MPa). 
Specimens were fatigued for 107 cycles to determine if 
heat generation within the composite would decrease 
with continued cycling. After a/l initial temperature 
rise of 18 to 22 K (based upon three test results), the 
temperature rise slowly decreased to 14 to 16 K after 
107 cycles (see Fig. 4). The decrease in specimen tem- 
perature with continued cycling may be due to a 
decrease in frictional heat generation caused by pro- 
gressive wear along fibre-fibre and fibre-matrix inter- 
faces. Further work is currently being conducted to 
determine if a decrease in specimen temperature can 
be used as a measure of damage accumulation during 
fatigue loading of fibre-reinforced ceramics. 
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