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Abstract. This paper shows an ability to find internal defects in construction of polymer
composite material using THz imaging. Using THz vision system resulted in an example of
finding internal non-impregnated area in fiberglass.

1. Introduction and background

Terahertz radiation could have the unique ability to penetrate composites and identify defects such as
voids, delaminations, mechanical damage and others [1]-[5]. The ability of finding heat damage in
aircraft polymer composite materials, acquired during operation, by THz time-domain spectrometer
(TDS) was studied in [1]. This work shows the ability of non-destructive control of technological
defects, like non-impregnated area, in polymer composite materials, reinforced by glass fiber, by using
THz continuous wave (CW) scanning vision system.

2. Results
Results of modeling operation of the CW vision system are shown in the figure 1. Interaction of THz
radiation with construction of polymer composite material model was modeled by means of numerical
solution of Maxwell’s equations by finite-difference time-domain (FDTD) method.

Discretization parameters of space and time coordinates:
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500
1000
1500
2000
2500
3000
3500
4000

SAPTIAL AXIS, ARB. UNITS

4500
5000
5500

1000 2000 3000 4000 5000
SAPTIAL AXIS, ARB. UNITS

Figure 1. Modeling result of the THz vision system work,
results are presented as form of parametric images.

Figure 1 presented the reflected from the sample model wave registered at an arbitrary distance from
the surface of the object. Clearly visible irregularities reflected field in the areas of defects. Also it can
be clearly seen that the deeper the defect area is placed the lower contrast of the image becomes.
Construction model includes an ordered arrangement of fiberglass filaments, with a diameter 60 um,
placed in the polymer matrix. The model includes three simulated cylindrical defects, with a diameter
900 pum, as shown in the figure 2 and figure 3.
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Figure 2. Product model of a polymer composite reinforced
with fiberglass.
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Figure 3. Cross-section Z=Z’ of the model.

To verify experimentally the result of modeling, a sample of polymer composite material glass

fiber reinforced was studied.
Several defects were simulated in the sample (figure 4). Defects are linear non-impregnated area,

with the dimensions: length 15 mm width 3 mm depth 2 mm. THz radiation wavelength used for the

control of sample quality was 1 THz.
The figure 5 showed result of scanning a sample of this polymer composite materials. The

experiment was performed on the scanning THz CW vision system.
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Figure 4. The sample of polymer composite material reinforced by
fiberglass, with simulated defects. (scan area is highlighted in green).
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Figure 5. The result of scanning a sample of polymer
composite reinforced by fiberglass using THz vision
system,presented in the form of images (the defect area — non-
impregnated stripes — is highlighted in red).

A potential of THz CW imaging system to detect the defects in polymer constructions was studied
numerically and experimentally. Obtained images showed that such defects as non-impregnated area
can be imaged clearly.

Acknowledgement

This work was partially supported by a grant from the Ministry of Education and Science of Russian
Federation (Ne 14.B37.21.0898, Ne 14.B37.21.1282) and from the Russian Foundation for Basic
Research (RFBR 12-08-31104; RFBR 12-08-33112).

References

[1]  Stoik C, Bohn M, Blackshire J 2008 Nondestructive evaluation of aircraft composites using
transmissive terahertz time domain spectroscopy Opt. Express 21 17039

[2] Wietzke S, Jordens C, Krumbholz N, Baudrit B, Bastian M, Koch M 2007 Terahertz imaging: a
new non-destructive technique for the quality control of plastic weld joints J. Euro. Opt. Soc.
207013

[3] Redo-Sanchez A, Karpowicz N, Xu J, Zhang X 2006 Damage and defect inspection with
terahertz waves The Fourth International Workshop on Ultrasonic and Advanced Methods
for Nondestructive Testing and Material Characterization (UMass Dartmouth, N.
Dartmouth, MA)

[4] Rutz F, Hasek T, Koch M, Richer H, Ewert U 2006 Terahertz birefringence of liquid crystal
polymers Appl. Phys. Lett. 89 221911

[5] Reiten M, Hess L, Cheville R 2006 Nondestructive evaluation of ceramic materials using
terahertz impulse ranging Proc. SPIE 617905 1-8



