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ARTICLE INFO ABSTRACT

Article history:

Recent technology and instrumentation in terahertz waves have provided a

Received 26 December 2018 reliable field in the electromagnetic spectrum, which is explored for material
Revised 10 April 2019 evaluation and composite testing. Here, we report an investigation of terahertz
Accepted 12 April 2019 waves (T-ray) for the nondestructive evaluation of various materials, such as
composite materials and lumbers. The T-ray system uses time domain spectroscopy
Keywords: (TDS) and continuous wave. The various materials and composites investigated
T-ray include non-conducting materials and composites. Terahertz signals in the TDS
FRP mode are similar to that of ultrasound; however, unlike ultrasound, a terahertz
Refractive index pulse can detect a smaller crack hidden behind a larger crack without the shadow
Continuous wave effect. These exterminations were demonstrated in thick glass fiber reinforced
Shadow effect plastics (GFRP) laminates using saw slots and flat bottom holes. Additionally, two
Lens prepared lumbers were investigated using the TDS system through image analysis
and refractive index measurement. The effectiveness and limitations of T-ray for

the NDE of composites are discussed.
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Table 1 Averaged THz refractive indices of the various materials

Materials Refractwe Tbrgugh Mean values
index (n) | transmission mode
PMMA 1.61 1.62 1.62
Fused quartz 1.93 1.95 1.94
GFRP 2.07 2.14 2.08
Wood 1.23 1.25 1.24
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Fig. 4 Measurement of refractive index for fused quartz in

reflection mode
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Fig. 5 C- and B- scan images for the lens of Terahertz with
the focal length of 150 mm
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Fig. 6 T-Ray testing of flat bottom holes in GFRP solid
laminates
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Fig. 7 T-ray images on GFRP Solid Laminate on through-
transmission mode in case of 150 mm (focusing length)
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Fig. 10 T-Ray Testing of Saw cuts in GFRP Solid Laminates
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and Refractive index at the middle

(b) An preservative treated lumber

Fig. 12 Photos of an non-preservative treated and preservative
treated samples
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Fig. 15 C-and B-Scan images for non preservative-treated lumber



Journal of the Korean Society of Manufacturing Technology Engineers 28:2 (2019) 113~122

C-Scan Section

100.0
50.0
=
E
Pe] 0.0
Qo
=
o
Q.
-50.0
-100.0
-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
position /mm

(a) C-scan image of preservative-treated lumber

THz Waveform

W
|

\‘Q

00 MWW’/\/' WWH MMLM’M /J‘{MW,M'WW MMM('M ‘ﬂ,\f j "\W/Wh‘f\mf x“ M’v‘\\/\h‘v\)ﬂ VWMW{M\

002 l

003 /

00 500 1000 1500

time/ps?

2000 2500 3000

(b) A-scan image of lumber at the horizontal mid line
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