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High Temperature Polymer Composites

UD carbon fabric + High temperature polymer [0/90,]s, [0/90/0/901/,]s

Plate Layup 90-layer thickness mm Vf %
1 [0/902]s 0.80 46
2 [0/902]s 0.73 52
3 [0/902]s 0.64 58
4 [0/90/0/90+,]s 0.16 57

» Longterm thermal éxposure, and

thermal cycling

» Moisture
ingression

» Quasi-static tensile
load
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Test methodology and damage

Crack density — Stiffness reduction
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Quasi-static Test Plan

Plate 2: [0/902]s; 90-layer thickness = 0.73mm; Vf = 52%

As-built specimens Heat treated specimens
Iso-thermally aged at 150°C for 500 hours and 1000 hours
* Quasi-static test at RT * Quasi-static test at RT
* Quasi-static test at 150°C * Quasi-static test at 150°C
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As-built Specimens Static Tested at Room and

Elevated Temperature

Plate 2: [0/902]s; 90-layer thickness = 0.73mm; Vf = 52%
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Statistical modelling

Different fiber clusters (with stress concentrations) in different positions; different failure stress in different positions
Initiation of cracks at edges

Weibull distribution
. . . . . or m
Quasi-static tensile loading: Pr = 1 — exp (— (—) )

0o

Shape parameter m
Scale parameter g,
Assumptions:

0, depends on temperature and conditioning, o, = f(stress, temperature, time, ...)

At reference temperature and condition (at room temperature and as-built condition), Scale parameter is o;;
otherwise scale parameter is g, = g * kq * k,,; k; = f(test temperature), k, = f(heat treatment)

When as-built specimens quasi-static tested at an arbitrary temperature, k,=1, and

From empirical fitting,

AT = Tiese — Tres 7 (difference between test
and reference temperature)
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Statistical modelling

Different fiber clusters (with stress concentrations) in different positions; different failure stress in different positions
Initiation of cracks at edges

Weibull distribution R ~
o : . 4 _ (or\™ 1 Shape parameter m = 3.3 |

Quasi-static tensile loading: Pr =1 exp( (ao) ) '\Scale parameter o, = 142 MPa |

Assumptions: g oTTTmTmTmTmEmEmEEE T

0, depends on temperature and conditioning, o, = f(stress, temperature, time, ...)

At reference temperature and condition (at room temperature and as-built condition), Scale parameter is gy;
otherwise scale parameter is g, = g * kq * k,,; k; = f(test temperature), k, = f(heat treatment)

When as-built specimens quasi-static tested at an arbitrary temperature, k,=1, and
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Before static tensile tesing

Isothermal heat treatment
at 150°C for 500 hours
and 1000 hours

Heat Treatment at Elevated Temperatures
Plate 2: [0/902]s; 90-layer thickness = 0.73mm; V{=52%

500 hours includes 7
thermal cycles

1000 hours includes
10 thermal cycles

Thermal cycling effect

Long term thermal As-built Heat treated for 1000 hours

exposure

Rapid cool down )
. . LULEA
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Heat Treated Specimens Static Tested at Room

Temperature and Elevated Temperature

Plate 2: [0/902]s; 90-layer thickness = 0.73mm; Vi=52%
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Heat Treated Specimens Static Tested at Room
Temperature

Plate 4: [0/90/0/900.5]s; 90-layer thickness=0.16mm; Vf=57%
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Statistical modelling

Different fiber clusters (with stress concentrations) in different positions; different failure stress in different positions
Initiation of cracks at edges

Weibull distribution e e e —————————— -

(
o : . 4 _ (or\™ 1 Shape parameter m = 3.3
Quasi-static tensile loading: Pr =1 exp( (ao) ) '\Scale parameter o, = 142 MPa

Assumptions:
0, depends on temperature and conditioning, o, = f(stress, temperature, time, ...)

At reference temperature and condition (at room temperature and as-built condition), Scale parameter is gy;
otherwise scale parameter is o, = g * kq * ky; ki = f(test temperature), k, = f(heat treatment)

When heat treated specimens quasi-static tested at an arbitrary temperature,
From empirical fitting,

( ';}'1';' 1—c#*AT;c=0.002 + | ky=089;for500hoursat150°C
ik, =0.82;for 1000 hours at 150°C
\

AT = Tiest — Tres_r (difference between test
and reference temperature)
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Prediction — Plate 2

Plate 2: [0/902]s; 90-layer thickness = 0.73mm; Vi=52%
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Prediction — Plate 4

Plate 4: [0/90/0/900.5]s; 90-layer thickness=0.16mm; Vf=57%

3.5
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3
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EZ.S
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static tested at room temperature, =2
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k, degradation

12 4
k, = f(material, temperature, time, ageing ambience ...) 5, I

08 1 —
Assumption: When iso-thermal ageing (at 150°C) with air, 05 ]
for the tested material system, k, degradation can be N y = 0.9718e 2604
described in terms of ageing time. i

0.2 4
Remains to be studied in the future 0 . . ; . .
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Conclusion

» Transverse cracking resistance has decreased in laminate when
quasi-static tested at elevated temperature.

* Thermal cycling influenced crack density growth however negligible
effect was found in transverse cracking resistance when quasi-static
tested.

* Isothermal ageing significantly affected the transverse cracking
resistance when quasi-static tested.

» Weibull failure stress model with k; and k, in scale parameter
predicted crack density growth in all tested specimens with good
agreement.
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