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Influence of Porosity on Photothermal Radiometry of Carbon Fiber
Reinforced polymers
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Abstract To study the influence of porosity on photothermal radiometry (PTR) signals of carbon fiber
reinforced polymers (CFRPs), a four-layered PTR model is developed and PTR measurements are performed.
Three laser beams with different diameters are used to measure 9 CFRP samples with varied porosity levels.
The measured amplitudes and phases of the PTR signals are normalized. The result shows that the phase of
PTR signal increases with decreased beam size if the laser power are kept constant. For a beam size of 0.2 mm,
the PTR phase increases when the CFRP sample porosity decreases.
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Table 1 Porosity and thickness of CFRP specimens

NO. 1 2 3 4 5 6 7 8 9
Porosity /% 0.00 0.45 0.86 0.94 1.55 3.74 5.30 10.00 18.32
Thickness /mm 4.25 4.36 4.35 4.36 4.42 4.60 4.66 4.83 5.30
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Fig.2 PTR experiment set up

3.2 KWKRE

FF CFRP 4 R A9 FAE BERG I A9 PTR 5250 R A WNE 2 B8 o % ARS8 £ B AR EOGH (R R IR S W),
56 8K 3l %% (Thorlabs), & 1l #§ (MCZT IR Detector, Model PVI 2TE), ¥& 41 % ] #% (TEC controller), &1 #H it K #%
(SR830)FE R A R G A5 2l . OGS B & 8 S |, PRl o 8 B R AR, B B i e o ke
A B £ A0 5 S A T e A 90 TR e S e RS A S i A DR, T — A A T R R BT
R 562 T 5 — 9 T B 0 £ b SRR IR f R A R AR 19 AE S el i S AR R

N T R BGHOE R RS X CRRP OGRS S5 5 B 520, 23 53R FH B AR 0.2 01 F1 3 mm A O R FE A7 5255
WOGIE AR 0.1~100 Hz, BN FE i DU 5 1240 a0, BT A S0 P S AT A0 B 3 FH AR IR 19 2 B500T 3% 38
B A4 R FEAT S, BT A B T T CERP G EAVER S5 5 19 KRS AL , LU R 52 56 B2 X R AR A5 5 Y5200 .

3 IR M PTRAG 5 M SEF o (a) MUKS bR (LRI 48 003 19 5 255 (b) AUAR AR 07 0 41 48 0305 1) 56

Fig.3 Plots of PTR versus frequency. (a) Normalized amplitude versus frequency; (b) normalized phase versus frequency
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Fig.4 Plots of PTR versus porosity of CFRP with 0.2 mm beam. (a) Amplitude versus porosity; (b) phase versus porosity
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Fig.5 Plots of PTR versus beam size. (a) Amplitude versus porosity; (b) phase versus porosity
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