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Objectives

* Overview of fatigue life prediction under random

loading.

* Overview of non-destructive evaluation & testing
(NDE/NDT) of fatigue damage in CFRP

composites.

 Identification of a suitable damage monitoring

technique for random fatigue loading conditions.
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Current Life Prediction Methods
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Inconsistency 1n Current Methods

1. Incompatibility of metal-based fatigue life prediction methods.
2. Inhomogeneity of composites leading to diverse damage mechanism.

3. 1inadequacy of the common stiffness/strength degradation

monitoring.

4.  Fatigue tests are being undertaken at high (unrepresentable) strain

levels.
5. Inconclusive failure criterions.

6. Impact and static notch performance driven (damage tolerance

philosophy).
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What Needs to be Done?

Identify an appropriate damage monitoring
method that can 1dentify & characterise each
damage event 1n order to understand the

damage accumulation process.
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Acoustic Emission Monitoring (1)

Load/Displacement
Cell

AMSY4
AE System

Preamps

Sensors

“Fatigue test set-up with AE as a damage monitoring NDT method”
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Acoustic Emission Monitoring (2)

913 CHTA-5-34
(-45,/+45,/90,/0)
Plain
280x30x2.42 mm

913 CHTA-5-34
(+45,/-45,/0,/90)
2x ©2.5 pinholes
280x30x2.42 mm
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Acoustic Emission Monitoring (2)
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Acoustic Emission Monitoring (3)
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Correlation With C-scanning (1)

Specimen AWHLCS8 was subjected to
constant amplitude tensile fatigue
loading at 37% UTS & R=0.1

* Blue colour in C-scan picture
indicates undamaged area while
green colour shows damaged areas
mainly along the 90 layers.
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 Both graphs show a consistent
pattern of damaged/undamaged
zones.
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“Comparison between C-scan and AE data”
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Correlation With C-scanning (2)

“Specimen AWHLC9 was subjected to constant amplitude fatigue test at 28% UTS for just over
370000 cycles™
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Correlation with Microscopic Pictures

Cracks are mainly found along
the 90° layers in the form of
matrix damage leading to
delamination and crack
bridging across the 90 layers.

Specnnen AWHLC4
,

Specimen AWHLB 12 Specimen AWHLB6
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Correlation with Short Beam Shear

Variation in ILSS
along the specimen
indicating weakened
Zones on the
specimen that could
have been the result
of fatigue damage.
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Stiffness Degradation Monitoring

MATS06E & MATS02E
RTMG6 resin - 55

(+45/0,/-45)
2x @2 pinholes
280x30x2.0 mm

» Data used for this
method can only be
recorded at intervals.

* Difficult to determine
changes in damage

) 0.4 06 0.8 1 1.2 1.4 1.6
State. N (number of cycles)

Modulus Degradation in tension sense of woven material specimen (+45,0,,-45) subjected to2-block loading T-T C-C
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Potential Difference Monitoring

913 CHTA-5-34
(-45,/+45,/90,/0)
Plain

280x30x2.42 mm

* Method requires further data
gathering and processing
development.

* Not suitable for fatigue life
prediction analysis.

Load (kN)

Resistance (Ohms)

1000
Time (s)
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Thermal Monitoring using DeltaTherm

At onset of damage as
Start of Test indicated by AE

AWHLC12: 913 CHTA -5 - 34
(-45,/+45,/90,/0)

Plain

280x30x2.42 mm

AWHLC19: 913 CHTA -5-34 2000 cycles
(+45,/-45,/0,/90) (= - i [
2x ®2.5 pinholes = ¢
280x30x2.42 mm

* Method is suitable as a quick
indication of specimen state.
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Thermal Monitoring using Standard
Thermal Camera

913 CHTA-5-34
(-45,/+45,/90,/0)
Plain
280x30x2.42 mm

* Method unable to reveal existing
damage.

* Can only be used at intervals.
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AE capability in cycle by cycle monitoring

!H--H--m--l
Illillllll-ﬁilililllillll-ﬁnnlllilillll-

&0
T
i A o N
50
I R 2N N el I, ] e

Sl i!i i

Wil HIﬁ‘I!I|I|||!|.i“millllllﬂ

4[] Reoccurrence
il|ll||||||||l|||l|| ofdamage N | |

IIII\IJI\IJI.“ I H e e

SO VAVAVAYA e I AVAVAVAVI U IAVAVAVAVIL

_ H“ High block h‘ Low block
N I of loading - of loading

pad Curve

a0
Time [:5:]
@ A [dB] == 77 AMD A [6B] = 90

“Specimen AWHLBS; damage is found to be influenced by
previous loading conditions, invalidating the use of Palmgren-
Miner’s rule”
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Damage Accumulation as revealed by AE
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“Damage accumulation as indicated by cumulative AE energy
(red) and number of AE hits (green)”
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Conclusion

Acoustic emission technique is found to be a better
technique because of the following benefits:

» Actual damage event 1dentification.
* Discrimination of damage modes.
* Location of damage.
* Detection of meaningful failure states.
» Testing at realistic stress levels.
e Multiple gauge length zoning in specimens.

* Application on real components.
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